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1954 MARCH MEETING AT DETROIT AND ANN ARBOR, MICHIGAN, 
MARCH 18, 19, AND 20, 1954 


HE 1954 March meeting of the American Phys- 

ical Society will be held on Thursday, Friday, 
and Saturday, March 18, 19, and 20, 1954. Like 
the corresponding meeting of 1953, it will be staged 
in two cities: in Detroit on Thursday and Saturday, 
in Ann Arbor at the University of Michigan on 
Friday. Like the March conventions of the past, 
it will include the Annual Meetings of our Divisions 
of Solid-State Physics and High-Polymer Physics, 
and papers in the fields of these Divisions will be in 
the great majority, though other topics are by no 
means missing. There is a singular approach to equal- 
ity in size between this and the 1953 March meeting: 
197 ten-minute papers at this one, 190 at that of 1953 
if deduction be made of the 28 which were provided 
at Durham and Chapel Hill through our South- 
eastern Section. Similarity in climate may not be ex- 
pected ; azaleas do not bloom in Michigan in March, 
and, what is more important, our members are 
strongly advised against coming by car, owing to 
possible bad weather and certain parking difficulty in 
both Detroit and Ann Arbor. The tasks of the 1953 
Local Committee were immense, and those of the 
present Committee will match them. G. P. Brewing- 
ton is managing the meetings at Detroit and the 
transportation between the two cities: we have no 
single name from Ann Arbor, but do not doubt that 
the whole Department of Physics of the University 
of Michigan is busy with the arrangements. 


The official hotel is the Sheraton-Cadillac at 
Detroit (at Michigan and Washington boulevards). 
Any who neglected to make reservation when the 
preliminary announcement appeared (in the Chicago 
Bulletin) should now make haste to do so. Mention 
that vou are coming for the meeting of the American 
Physical Society. 


The registration desk at Detroit will be in the 
Sheraton-Cadillac Hotel, on the fourth floor just 
outside the ballroom. A registration fee of one dollar 
is to be paid. Members and guests are urged to 
register, and to keep an eye on the adjacent bulletin 
boards for notice of messages. Banquet tickets will 


be sold at the registration desk on Thursday. For 
the convenience of our members there will also be a 
registration desk at Ann Arbor, in the office of the 
Physics Department of the University. The tele- 
phone numbers of these desks are: TEmple 1-1450, 
X368, at Detroit, Normandy 3-1511, X706, at 
Ann Arbor. 


The sessions at Ann Arbor will be held in various 
buildings of the University of Michigan. 


The sessions at Detroit will be held in the 
Sheraton-Cadillac Hotel and in State Hall of Wayne 
University. Be it recorded that Wayne University 
and the Rackham Memorial graciously offered us 
plenty of halls, but there was question whether 
some of these were sizable enough for such a meet- 
ing as is to be expected. To go from the hotel to 
Wayne University, go three blocks eastward to 
Woodward Avenue and take any northbound Wood- 
ward street car to Warren Street. You will find 
State Hall one block north and one block west: 
it is the large building in the center of the block. 
You may also take the DEXTER bus along Wood- 
ward and get off at Warren. State Hall is then one 
block north and across Cass Street. Allow thirty 
minutes. 


It is planned to have a special train from Detroit 
to Ann Arbor and back on Friday. There will be 
buses from the hotel to the Detroit station and from 
the Ann Arbor station to the University. The round- 
trip fare will be $2.50, all-inclusive. Members and 
guests are begged to help the Local Committee by 
making their reservations and sending the money 
as soon as possible : use the form on the inside back- 
cover page of this Bulletin. Operation of the special 
train is contingent on there being at least 300 
passengers: should there be fewer we shall have to 
use the regular trains, and buses if available will 
cost extra. 


Our Division of High-Polymer Physics (DHPP) 


provides a Symposium on the properties of amor- 
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phous polymers in bulk (Sessions O and P) and 
other invited papers. Our Division of Solid-State 
Physics (DSSP) provides symposia on ferroelec- 
tricity (Session B), nuclear and electronic resonance 
(Session H), and irradiation effects on solids 
(Session U; with the approval of the Chairman of 
DSSP, we are trying to displace the gruesome term 


sae 


“radiation damage” by “irradiation effects’’). 


The group of invited papers of the Friday-after- 
noon Session Q is designed partly to honor our host, 
the University of Michigan, and partly to balance 
the programme with subjects from outside the 
Divisional fields. H. M. Randall, twenty-third 
President of the Society and long-term Chairman 
of the Department of Physics, will speak on his 
work and that of the University in spectroscopic 
physics. John Bardeen, who at the 1954 New York 
meeting will have received the second Oliver E. 
Buckley Solid-State Physics Prize, will address 


Session K on Friday morning. J. M. Luttinger will 
speak in Session V on the Hall effect in ferromag- 
netics, and K. G. McKay in Session X on avalanche 
breakdown in silicon. Other invited papers outside 
of the Divisional fields will be those of W. C. Park- 
inson in nuclear physics (Session WA) and W. M. 
Elsasser in astrophysics (Session YA). 


The one hundred and ninety-seven contributed 
papers are distributed among 22 sessions. The in- 
tensity of interest in semiconductors, which has 
been rising for the past couple of vears, is exhibited 
by the fact that there are five sessions devoted to 
these! Proceeding on the assumption that, where the 
papers are most numerous, there also will the 
audiences be largest, the Secretary has generally 
assigned the largest hall available to the semi- 
conductor papers. Nuclear physics and theoretical 
physics, which dominate the Annual Meeting and 
the Washington meeting, are here contented with a 
half-day session apiece. 


The banquet of the Society will be held on 
Thursday evening at the Sheraton-Cadillac Hotel. 
The after-dinner speakers will be E. F. Barker of 
the University of Michigan, W. F. Busse of DHPP, 
and Clarence Zener of DSSP. The price of the ban- 
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quet will be five dollars. Advance reservation will 
be highly desirable and may even be necessary if 
the hotel should fix an early deadline; please fill 
out the form on the inside back-cover page of the 
Bulletin and send it right away. The tickets will be 
sold at the registration desk. After 3:00 P.M. tickets 
reserved but not paid for will be sold to the first 
comers. There may be a deadline hour after which 
no tickets at all will be available. To insure your 
places you may, and should, send a check for the 
cost of vour tickets, enclosing it with the form 
aforesaid. If you want the tickets mailed to you, 
enclose also a stamped self-addressed envelope. 


Post-deadline ten-minute papers, pertaining to 
very recent achievements of exceptional impor- 
tance, will be considered for admission to a special 
supplementary programme if the abstracts sre 
received not later than Friday, March 12, at the 
office of the Society (the address below). The titles 
of such papers as may be accepted will be announced 
on a blackboard near the registration desk, and the 
papers will be given under the usual ten-minute 
rule at the end of Session H. The abstracts will not 
be published. 


The Council of the American Physical Society 
will meet at a time and place of which its members 
will be notified by special message. 


For prospective meetings of the Society and the 
corresponding deadlines, see page 6 of this Bulletin. 

Titles and abstracts of the papers contributed to 
the 1954 March meeting are printed hereinafter, 
and in exactly this form they will reappear in a 
future issue of The Physical Review. Errata will be 
printed on an adjacent page of The Physical Re- 
view if received not later than Friday, April 2, by 
Miss Ruth Bryans, American Institute of Physics, 
57 East 55th Street, New York 22, New York. 
Do not send in the abstract marked with correc- 
tions: write out the corrections in the form “‘instead 
of ... read... .’’ Add nothing. 


KARL K. Darrow, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 
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Preliminary Announcement of the 1954 Summer Meeting in the “East” 


The 1954 Summer Meeting ‘in the East’’ will 
be held at Minneapolis, Minnesota, in the buildings 
of the University of Minnesota, on Monday, Tues- 
day, and Wednesday, June 28, 29, and 30, 1954. The 
official hotel will be the Nicollet : reservations should 
be made at an early date, by letter directed to the 


hotel, with mention of the meeting of the Society. 
Our Division of Electron Physics is arranging for 
invited and contributed papers in its field. The 
Local Committee has arranged for a total eclipse 
of the sun to occur early in the morning of the third 
day of the meeting. 


Deadline Date is Friday, April 30, 1954 


Abstracts of contributed papers to be presented at this meeting must be received not later than the 


above date at the address hereunder. 


KarRL K. Darrow, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 


Preliminary Announcement of the 1954 Summer Meeting on the West Coast 


The 1954 Summer Meeting on the West Coast 
will be held in Seattle, Washington, in the buildings 
of the University of Washington, from Wednesday 
through Saturday, July 7-10, 1954. The official 
hotel will be the Edmond Meany, near the Uni- 
versity: rates $7.50 and $8.50 for double rooms, 
$9 and $10 for twin-bed rooms; reservations should 
be made before 20 June, with mention of the 
Society. The Men’s Residence Hall has accommo- 
dations for men only in twin-bed rooms at $2 per 
night per person: write to Men’s Residence Halls, 


1101 Campus Parkway, Seattle, with mention of 
the Society. A list of motels may be obtained 
from the undersigned or from the Department of 
Physics of the University of Washington, Seattle. 

Half-day symposia are being planned in the fields 
of cosmic rays, high-energy physics, classical nu- 
clear physics, spin relaxation in solids, and possibly 
others; and our Division of Fluid Dynamics is 
planning a special session. Much is being pro- 
jected for the entertainment of members and their 
Wives. 


Deadline Will Be Wednesday, May 5, 1954 


Abstracts of contributed papers to be presented at this meeting must be received not later than the 


above date at the address hereunder. 


J. Kapcan, Local Secretary for the Pacific Coast 
University of California 
Los Angeles 24, California 





MEETINGS AND DEADLINES FOR THE REMAINDER OF 1954 


I. Meetings east of the Rockies 


Place 


Austin 
Detroit-Ann Arbor 
Washington 
Minneapolis 
Chicago 


Meeting dates 


February 26-27 
March 18-20 
April 29-30, May 1 
June 28-30 
November 26-27 


Deadline date 


past 

past 
February 19 
April 30 

To be fixed. 


Abstracts of contributed papers for the foregoing meetings are to be sent to Karl K. Darrow, American 
Physical Society, Columbia University, New York 27, New York. To avoid danger of confusion, please do 
not send abstracts for any meetings until the deadline date of the previous meeting is past. 


II. Meetings west of the Rockies 


Seattle 
Berkeley 


Abstracts of contributed papers for the Seattle meeting are to be sent to J. 


California, Los Angeles 24, California. 


July 7 
December 26-31 


10, 1954 May 5, 1954 


To be fixed. 


Kaplan, University of 


RULES IMPOSED ON ABSTRACTS 


The Council has ordered that abstracts shall be 
not longer than two hundred (200) words or the 
equivalent thereof. In reckoning equivalence, a 
footnote is equated to ten words; each line in a 
table to ten words; a “‘display’’ formula—one that 
requires a line to itself—is an expensive luxury 
equated to forty words. 

Two copies of each abstract must be sent to the 
appropriate office. They must be typewritten and 
double-spaced ; one must be an original, the other 
may be an original or a carbon copy. Each abstract 
must be confined to a single page: if it is too long 
for a single page it is too long to be printed. Write 
each abstract as a single paragraph: the suppression 
of paragraphs costs time and labor to the editors. 
Look at the abstracts in this Bulletin to see how the 


title of the paper and the name of the author are to 
be arranged and follow the example. Issues of the 
Bulletin are sometimes appreciably delaved because 
the editors have to do what the authors should 
have done. 

Remember the rule of the Council that, if an 
author submits more than one abstract, all but one 
must go onto the Supplementary Programme. In 
enforcing this rule, an abstract is credited to the 
author whose name appears first in the by-line. 

The use of special delivery is perilous. For reasons 
which we do not pretend to understand, special- 
delivery stamps sometimes produce the inverse of 
the effect expected. Telegraphed abstracts will no 
longer be accepted. 











EPITOME OF THE 1954 MARCH MEETING 


Personal names are those of invited speakers. DHPP signifies Division of High-Polymer Physics; DSSP signifies Division of Solid-State Physics 


THURSDAY MORNING (Detroit) 


Metals, I: lattice defects, diffusion. Sheraton-Cadillac, Crystal Ballroom. 

DSSP: ferroelectricity: Pepinsky, Kaenzig, Knight, contributed papers. Sheraton-Cadillac, Italian Gardens. 
Irradiation effects, I (nonmetals). Sheraton-Cadillac, Ballroom. 

Magnetic resonance and spin-wave theory. Sheraton-Cadillac, Normandy Room. 

DHPP: Charlesby, Gurnee, Andrews, contributed papers. State Hall 101, Wayne University. 





THURSDAY AFTERNOON (Detroit) 


DHPP: contributed papers and Business Meeting. State Hall 101, Wayne University. 

Semiconductors, I (germanium). Sheraton-Cadillac, Ballroom. 

DSSP: nuclear and electronic resonance: Bloembergen, Norberg, Kip; post-deadline papers, if any. Sheraton-Cadillac, 
Crystal Ballroom. 

Irradiation effects, II (mostly metals). Sheraton-Cadillac, Italian Gardens. 


THURSDAY EVENING (Detroit) 


Banquet of the American Physical Society. Sheraton-Cadillac, Ballroom. E. F. Barker, W. F. Busse, Clarence Zener. 


FRIDAY MorNING (Ann Arbor) 


Bardeen; semiconductors, II (germanium). Rackham Lecture Hall. 

Metals, II. West Physics Lecture Room. 

Molecular and chemical physics. 1400 Chemistry. 

DHPP: properties of amorphous polymers in bulk: Marvin, Kauzman, Fox, Boyer, Bueche. 130 Business Administration . 


FRIDAY AFTERNOON (Ann Arbor) 


DHPP: amorphous polymers, continued (Hammerle, Hoff); Hoffman; contributed papers. 130 Business Administration 
Randall, Crane, Squire, Sutherland, Levinthal. West Physics Lecture Room. 

Semiconductors, III. Rackham Lecture Hall. 

Metals, III (including order-disorder). 1400 Chemistry. 





SATURDAY MORNING (Detroit) 


Semiconductors, IV (compounds). Sheraton-Cadillac, Ballroom. 

DSSP: irradiation effects: Seitz, Overhauser, Lark-Horovitz, Smoluchowski, Eatherly. Business Meeting of DSSP. 
Sheraton-Cadillac, Crystal Ballroom. 

Magnetism, I; Luttinger. Sheraton-Cadillac, Italian Gardens. 

Nonmetallic solids. Sheraton-Cadillac, Normandy Room. 

Parkinson; nuclear physics. State Hall, 101, Wayne University. 


SATURDAY AFTERNOON (Detroit) 


McKay; semiconductors, V; electron physics. Sheraton-Cadillac, Ballroom. 
Magnetism, II. Sheraton-Cadillac, Italian Gardens. 

Elsasser; general physics. Sheraton-Cadillac, Crystal Ballroom. 

Theoretical physics. Sheraton-Cadillac, Normandy Room. 








PROGRAMME 


THURSDAY MorRNING AT 10:00 


Crystal Ballroom 


(CyriL S. SMITH presiding) 


Metals, I. (Lattice-Defects, Diffusion) 


Al. On the Nature of Lattice Defects in Metals. FREDERICK 
Seitz, University of Illinois.—In spite of the interest of the 
topic, we do not have at present satisfactory experimental 
demonstrations of the nature of the defects which occur ther- 
mally in metals such as copper, silver, and gold. The most 
elementary procedure, based on measurement of density and 
lattice parameters at high temperatures, could, in principle 
at least, distinguish between vacancy-type, interstitial-type, 
and Frenkel-type disorder. It is unlikely, however, that this 
procedure will prove feasible for most metals because of the 
precision required. Shockley has proposed a method based on 
the determination of a Kirkendall shift in the presence of a 
thermal gradient in a chemically homogeneous material. This 
seems to require the assumption, however, that the defects 
will always migrate in the direction —grad7, as if the mixing 
entropy necessarily determined the direction of migration. It 
is proposed that one search for deviations in the applicability 
of the Matano formalism in the early stages of diffusion of 
two different metals which exhibit a strong Kirkendall effect 
of the normal type when the concentration gradient between 
specimens is very steep. One might expect the measured dif- 
fusion coefficients to be abnormally large on one side of the 
boundary and abnormally small on the other if d, the thick- 
ness of the diffusion layer, is not greater than ay/w, where a 
is the lattice parameter and w is the number of jumps a va- 
cancy makes between birth and death. 


A2. Formation Energy of Vacancies in Gold. C. J. MEECHAN 
AND R. R. EGGLESTON, North American Aviation, Inc.—Deter- 
minations of the formation energy of vacancies in copper have 
been previously reported.! Recently these determinations of 
vacancy energy of formation have been’ made for pure gold, 
and the results of these new measurements will be reported. 
The experimental data taken below 500°C were fitted to the 
expression R=A+BT+CT*. At higher temperatures the 
measured resistance values exceeded the extrapolated quad- 
ratic function by an amount AR, which had the following 
temperature dependence: AR=A exp(—E/kT). The addi- 
tional resistance has been attributed to the presence of va- 
cancies existing in thermodynamic equilibrium at the high 
temperatures. By plotting log4R vs 1/7, a formation energy 
for vacancies in gold of 0.67+0.07 ev was obtained. This 
paper is based on studies conducted for the U. S. Atomic 
Energy Commission. 


1 Stanford Meeting, American Physical Society, December, 1953. 


A3. Imperfections in Copper in Terms of Electrical Re- 


sistivity and Thermoelectric Power. G. W. RODEBACK, 
North American Aviation, Inc.—Certain types of imperfec- 
tions in copper may be studied by including the degeneracy 
energy dependence! of their electron scattering in the ex 
pressions for electrical resistivity and thermoelectric power. 
Measurements of electrical resistivity and thermoelectric 
power from 130°K to 3000°K have been made on variously 


annealed states of cold-worked copper. Data were also taken 
from a sample bombarded at 150°K with 15 wamp-hr/cm? of 
35-Mev alpha particles and subsequently annealed at room 
temperature. Two types of imperfections which contribute to 
the nonthermal scattering of conduction electrons are con- 
sidered: fixed point scatterers whose scattering probability 
per unit time is assumed to have a one-half power dependence 
on degeneracy energy, and boundary scatterers whose scatter- 
ing probability is assumed to be energy independent. If the 
imperfections due to cold work are assumed to be fixed point 
scatterers (perhaps vacancies) application of the free electron 
theory yields a degeneracy energy constant over the ranges of 
annealing and temperatures of measurement. The same de- 
generacy energy is approached above 200°K by the radiation- 
damaged copper if the imperfections are assumed to be bound- 
ary scatterers; this is in agreement with the view that point 
scatterers (vacancies and interstitials) are annealed below 
room temperature. 

This paper is based on studies conducted for the U. S. 
Atomic Energy Commission. 

1G. W. Rodeback and W. P. Eatherly, Phys. Rev. 91, 237 (1953 

A4. Annealing Kinetics of Lattice Imperfections Using 
Evaporated Metal Films,* R. W. HorrMan AND N. S. Rasor, 
Case Institute of Technology—Copper films deposited in high 
vacuum onto glass substrates held at temperatures ranging 
from —150 to — 100°C have been used to study the annealing 
kinetics of the lattice imperfections thus formed, utilizing the 
electrical resistivity as an index of the degree of imperfection. 
By varying the temperature of the film after deposition, iso- 
thermal anneals, tempering anneals, and activation energy 
determinations have been performed. A film 1200A thick de- 
posited at —150°C anneals from an initial resistance of 17 
ohms (20X 10-6 ohm-cm) at — 150°C toa resistance of 2 ohms 
after a 275°C anneal. This is a much larger effect than the 10 
percent changes in resistivity reported for radiation damaged 
and cold-worked copper. However, the time dependence of the 
resistivity decay, the annealing states which occur, and the 
phenomenologically determined activation energies for the 
annealing of the films are not unlike those reported for radia- 
tion damaged! and cold-worked copper. Consideration of the 
annealing data, its dependence on deposition temperature, 
and the possible effect of internal stresses allow interpretation 
of the phenomena in terms of the migration of lattice im- 
perfections. 


* Supported by the U. S. Office of Naval Research. 
1A. W. Overhauser, Phys. Rev. 90, 393 (1953). 


AS. Diffusion in Silver Single Crystals.* C. T. TomizuKa 
AND L. SLiFKIN, University of Illinois.—Coefficients for the 
diffusion of radioactive tracers of cadmium, indium, and tin 
in silver single crystals were determined at an extremely dilute 
solute concentration. These results! together with those on 
diffusion of antimony in silver? show a systematic decrease of 
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FH and Dy as the atomic number increases from that of silver. 

Since these diffusing elements are all neighbors of silver in 

the periodic table with larger atomic number, a transition 

element ruthenium which precedes silver is now being in- 

vestigated. Preliminary results will be presented and discussed. 
* oe gm in part by the U. S. Atomic Energy Commission. 


. T. Tomizuka and L. Slifkin, to be published. 


2 + . Sonder, L. Slifkin and C. T. Tomizuka, Phys. Rev. (to be published). 


A6. Solute Diffusion in Metals. D. Lazarus, University of 
Illinois.—It has been shown conclusively that even in ex- 
tremely dilute solutions, solute ions may diffuse at a rate 
markedly different from the rate of self-diffusion of the solute." 
A simple theory is proposed to explain this difference based on 
the effects of screening of the solute ions by the Fermi elec- 
trons of the lattice. Calculations made using a Thomas-Fermi 
model? give good agreement with the experimental data for 
solute diffusion in silver, if a vacancy mechanism is assumed. 


T. Tomizuka and L. Slifkin, Bull. Am. Phys. Soc. 29, No. 3, 8 


(1958) (this meeting). 
2N. 


F. Mott, Proc. Cambridge Phil. Soc. 32, 281 (1936). 


A7. A Comparison of Diffusion Techniques Employing 
Radioisotopes.* R. L. Smitu, F. E. JAumot, JR., AND L. A 
ARNE, JR., The Franklin Institute Laboratories for Research 
and Development.—The two radioactive tracer techniques 
generally used in the study of diffusion are the “sectioning”’ 
and “absorption” techniques. In the former, the diffusion 
coefficient is obtained from a curve of concentration versus 
the square of the penetration distance; in the latter, D is 
obtained from the surface activity before and after diffusion. 
these two techniques have been compared in a study of self- 
diffusion in zinc over a temperature range from 200 to 400°C, 
using single crystal samples. The activation energies Q, 
obtained for diffusion parallel and perpendicular to the ‘“C” 
axis agree for the two methods and with the most recent 
published data! within experimental error. The scatter in the 
data and the error is larger in the absorption technique. The 
effects of electroplating versus evaporation of the tracer onto 
the sample were studied and found to be negligible. The 
application of very large and very small amounts of tracer 
produced interesting anomalies in particular samples, but 
caused serious error in the calculation of D only in the case 
of the absorption technique. The two methods were compared 
using polycrystal samples with various grain sizes and will be 
discussed. 


1. S. Atomic Energy Commission. 


* Supported by the 
Acta Met. 1, 513 (1953). 


!Shirn, Wajda, and Huntington, 


A8. Diffusion of Co" in Some Ni-Al Alloys Containing 


Excess Vacancies.* A. BerkowltTz,t F. E. Jaumot, Jr., 
AND F. C. Nix, University of Pennsylvania.—Bradley and 
Taylor! have shown that in the 6-phase of the Ni-Al system 
those alloys containing an excess of aluminum exhibit a den- 
sity of vacancies that is considerably greater than the normal 
equilibrium concentration. Measurements were made of the 
diffusion of Co® in six compositions in the 6-phase of Ni-Al 
at 1050, 1150, 1250, and 1350°C. Diffusion coefficients and 
activation energies were obtained. The data show increasing 
diffusion coefficients and decreasing activation energies with 
increasing concentration of vacancies. These results are ap- 
parently consistent only with the vacancy mechanism of 
diffusion. These data do not agree with previous measure- 
ments? made on the same alloy system. The results are in 
agreement with measurements made on a similar defect alloy. 

* This work was supported by the U. S. Office of Naval Research. 

+ Now at The Franklin Institute Laboratories for Research and Dev elop- 
ment, Philadelphia 3, Pennsylvania. 

1A. J. Bradley and A. Taylor, Proc. Roy. Soc. (London) ne os (1937). 


2 R. Smoluchowski a H. Burgess, Phys. Rev. 76, 309 (19 
3 F.C. Nix and F. E. Jaumot, Jr., Phys. Rev. 83, 1275 1981). 


A9. The Effect on Diffusion Measurements of Some Beta- 
Ray Absorption Phenomena.* A. E. BerKowi11z,t University 
of Pennsylvania.—In diffusion experiments, in which one 
measures the decrease in activity as a radioactive tracer dif- 
fuses into a sample, an important source of error is the 
determination of the characteristics of the absorption of the 
radiation from the tracer by the sample. Usually a simple 
exponential expression is found or assumed to describe the 
absorption. During recent experiments on the diffusion of Co*’ 
in alloys of Ni and Al, we measured the absorption of the 
beta rays from Co in thin foils and evaporated layers of Ni 
and Al. In all cases the activity increased with increasing 
absorber thickness in the range from 0 to 4 mg/cm*. The data 
for thin foils differed from those representing evaporated and 
The data fit closely to a curve represent- 
The indications 


electroplated layers. 
ing the difference of two exponential terms. 
are that the increased activity results from preferential beta- 
ray scattering rather than from the production of secondary 
electrons. The effect of the complex absorption expression on 
the calculation of diffusion coefficients will be discussed. 

* This work was supported by the U. S. Office of Naval Research. 


+t Now at The Franklin Institute Laboratories for Research and De- 
velopment. 


Al0. Electrostatic Energy Calculations for Sodium Tung- 
sten Bronze (Na,WO;).* J. F. Smiru, Jowa State College 
(introduced by G. C. Danielson).—-Recent measurements of 
the activation energy for diffusion of sodium in the metallic 
Nao.sWOs;, gave a value of 51.8 
kcal/mole. To determine whether bonding could be 
responsible for this high activation energy, electrostatic 
energy calculations have been made. Calculated activation 
energies for sodium diffusion using a model with random 
sodium distribution do not agree well with the measured value, 
but this discrepancy may be caused by ordering of the sodium 
atoms, Such ordering has been suggested by Gardner and 
Danielson to account for the anomalous resistivity at x =0.75. 
Further calculations of the total electrostatic energy as a 
function of sodium concentration have been made on the basis 
of random sodium distribution; point charges of Nat, W*, 
O~*; and a uniform neutralizing charge of free electrons. These 
calculations indicate that cubic sodium tungsten bronze should 
be unstable or metastable below x=0.35. This calculated 
value is in good agreement with the known phase transition 
occurring between x =0.30 and x=0.38. 


sodium tungsten bronze, 
ionic 


* Work was performed in the Ames Laboratory of the U. S. Atomic 


Energy Commission. 


All. The Surface Migration of Carbon on Tungsten*t 
RaLteH Kein, Bureau of Mines.—The surface migration of 
was observed with the field emission 
microscope. The carbon was a carefully outgassed 
5-mil diameter graphite filament. The vacuum attained in the 
system, exclusive of helium, was of the order of 10~" mm of 
Hg. The tungsten point was shadowed with carbon and heated 
to a given temperature, the migration being followed by ob- 
serving the emission patterns at room temperature at various 
time intervals. The migration process occurs with a sharp 
boundary of a form which clearly shows that the 011 and 121 
planes are avoided. By application of the theory of diffusion 
with a sharp moving boundary,' an activation energy was 
calculated for the migration. 


carbon on tungsten 
source 


* This research is a part of the work being done at the Bureau of Mines, 
supported by Headquarters, U. S. Air Research and Development Com- 
mand, Office of Scientific Research. 

t Paper to be presented at meeting of the American Physical Society, 
Ann Arbor, Michigan, March 18, 1954. 

1H. Fujita, J. Chem. Phys. 21, 700 (1953). 
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B AND C 


THURSDAY MORNING aT 10:00 


Italian Gardens 


(A. P. DE BRETTEVILLE presiding) 


DSSP Symposium on Ferroelectricity 


Bl. Some X-ray and Neutron Diffraction Investigations on Ferroelectric Crystal Transitions. Ray 
Pepinsky, The Pennsylvania State University (30 min.) 
B2. Properties of Very Small Ferroelectric Particles. WERNER KArNzIG, University of Illinois. 


(30 min.) 


B3. Nuclear Resonance in Ferroelectric Crystals. W. D. Knicut, University of California, Berkeley. 


(30 min.) 


Contributed Papers 


B4. Heat of Transition of Barium Titanate at the Curie 
Point. A. DEBRETTEVILLE AND E. D. Harris, U. S. Signal 
Corps Engineering Laboratories.—The authors’ free energy 
expression for the paraelectric-to-ferroelectric phase-induced 
transformation is E;(P,—1.5P,)Nv, where E; is the threshold 
field strength, P, is the maximum value of the polarization 
in the ferroelectric state, P; is the threshold polarization 
(e/4rE,), and Nv is the molar volume. By substituting experi- 
mentally-determined values of E,, «and P,, that we obtained 
as functions of temperature into the free energy equation and 
differentiating it with respect to temperature, the entropy— 
and hence the heat of transition AH—can be found. At the 
Curie point (115.5°C) AH is —47 cal/mole; the value of AH 
becomes zero at 121.7°C and increases to 8.5 cal/mole at 
127°C. The data published by Merz give no value for Pm; his 
data,' however, can be interpreted to yield a value for Pn» of 
10.09 10~® coulombs/cm?. This value corresponds to the 
point of inflection of his P vs E curve. The value of AH 
obtained at the Curie point 107.5°C is —24 cal/mole; it 
becomes zero at 114.7°C and increases to 2 cal/mole at 116°C. 
The apparent temperature variation of the heat of transition 
may be merely a manifestation of a number of domains under- 
going transitions at slightly different temperatures within a 
small temperature interval. 


1W. J. Merz, Phys. Rey. 91, 513-517 (1953). 

BS. Domain Clamping Effect in Barium Titanate Single 
Crystals. M. E. DrouGarpD anp D. R. YounG, International 
Business Machines Corporation.—We have found that the 
dielectric constant of good single crystals of barium titanate 
decreases as the average polarization is decreased by means 
of an electric field. This has been interpreted as being due to a 
domain clamping effect arising from the multidomain situa- 
tion in the crystal that accompanies the reduction in polariza- 
tion. The dielectric constant for a crystal with zero average 
polarization is that of a thickness clamped crystal while the 


dielectric constant of crystal polarized to saturation is that 
of a free crystal. These measurements give a coefficient of 
coupling of 0.5 at room temperature in good agreement with 
the predicted value using the published values for d33; and our 
independent measurement of S;;. The temperature dependence 
of the coupling coefficient for thickness vibrations as deter- 
mined from our dielectric constant experiments is shown to be 
similar to that calculated for longitudinal vibrations from 
measurements of Merz.! 


1W. Merz, Phys. Rev. 80, 1084 (1950). 


B6. Measurements of Ferroelectric Transition in Single 
Crystals of Cd.Nb.O;.*F. Jona, G. SHIRANE, AND R. PEPINSKY, 
The Pennsylvania State University —Ceramic Cd2Nb2O; has 
been reported as ferroelectric below —90°C,! with a further tran- 
sition taking place at —190°C.? By replacing Cd with Pb or 
Ca, or Nb with Ta, the Curie temperature was lowered. Single 
crystals of Cd2.Nb20; have been grown as octahedra, or thin 
plates with the major surface perpendicular to (111). The 
dielectric constant of these plates is about 700 at 20°C and 
roughly 10000 at the Curie temperature (approximately 
—115°C). The single-crystal Curie temperature is somewhat 
lower than that of the ceramic, probably due to impurity in 
the crystals. The spontaneous polarization measured along 
the cubic (111) axis is about 5 microcoulombs/cm? at — 180°C. 
Weissenberg photographs about the (110) zone show a small 
splitting of spots due to domain formation in the ferroelectric 
region. Assuming the low-temperature structure to be tetrago- 
nal, the axial distortion at —180°C is about 0.1 percent. Pre- 
liminary optical measurements confirm a transition to a non- 
cubic system, but the symmetry is not yet established. 

* Development supported by Aeronautical Research Laboratory, Wright 
Air Development Center. 

(1953) R. Cook, Jr., and H. Jaffe, Phys. Rev. 88, 1426 (1952); 89, 1297 


2G. Shirane and R. Pepinsky, Phys. Rev. 92, 504 (1953); and J. K. 
Hulm, Phys. Rev. 92, 504 (1953). 


THURSDAY MoRNING AT 10:00 


Ballroom 


(G. J. DIENEs presiding) 


Irradiation Effects, I (Nonmetals) 


Cl. Dielectric Changes in Crystalphosphor Condensers 
Irradiated with X-Rays. Rupo_r Frericus, Northwestern 
University.—The changes in dielectric constant and dielectric 


loss produced in crystalphosphors by irradiation [first ob- 
served by Gudden and Pohl (1920) in optically excited phos- 
phors] can be used as detector for x-ravs and penetrating 
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particles.' Electrical condensers consisting of alternating layers 
of aluminum foil and crystalphosphors embedded in poly- 
styrene can be easily made in any electrical and geometrical 
size with complete absorption for the most penetrating im- 
pinging radiation. If such a condenser is fully excited changes 
up to 100 percent of the original capacity value can be ob- 
tained. Condensers made with copper activated zinc sulfide 
of 2000 uyf reach a final value of more than 4000 yyf after 
irradiation with 200 kv x-rays for one minute with a rate of 
48 r/min. The increase of the dielectric constant and the di- 
electric loss as the irradiation progresses and the decrease in 
time as it is interrupted will be discussed and compared with 
the present theories. As the measurement of the capacity 
changes affords neither amplifiers nor high voltage or high 
insulation such condensers can be used as permanent monitors 
for radiation levels of about 1 r/min and higher. 


1R. Frerichs, J. Appl. Phys. 23, 697 (1952). 


C2. Change of Electrical Conductivity of Alkali Halides 
Upon Irradiation with 350 Mev Protons.* EpGAR PEARLSTEIN, 
Carnegie Institute of Technology.—KC1 and NaCl crystals were 
irradiated at room temperature in the Carnegie Institute of 
Technology synchrocyclotron with proton fluxes between 10" 
and 10"? per square centimeter. Conductivity was then meas- 
ured by an ac method over a large temperature range. Data 
to be given are an extension of work previously reported by the 
author.! When the amount of bombardment is small, the 
conductivity is decreased. For large amounts of bombardment, 
there is at first an increase in conductivity, which becomes a 
decrease as the temperature at which conductivity measure- 
ments take place is raised. Polarization in times of the order 
of 7s sec complicates the measurements at some temperatures, 
so that an ac method is desirable. Polarization is usually con- 
siderably larger for bombarded crystals than for nonbom- 
barded ones. 


* Work supported by the U. S. Atomic Energy Commission. 
1E. Pearlstein, Phys. Rev. 92, 881 (1953). 


C3. On the Influence of Nuclear Radiation on Electrical 
Conductivity of Alkali Halides.* R. SMo_ucHowsk1, Carnegie 
Institute of Technology.—The preceding abstract on the change 
of electrical conductivity of alkali halides upon irradiation 
by high-energy protons illustrates amply the complexity of 
the phenomena here encountered. Some earlier results by 
Sproull, Maurer, and others point in the same direction. A 
brief summary will be given of the various mechanisms which 
could play a role in these effects such as clustering, trapping, 
vacancy formation, etc. It will be pointed out that irradiation 
with the high-energy protons of the Carnegie Institute of 
Technology cyclotron requires taking into account the proba- 
bility of the occurrence of nuclear transformations in the solid 
analogous to the formation of “stars’’ in cosmic ray studies. 
The prongs of these stars have the right energy to produce 
large effects in solids. It appears that the total effect produced 
by this mechanism may be more important than the other 
processes usually considered. 


* Work supported by a U. S. Atomic Energy Commission contract. 


C4. Irradiation Induced Optical Absorption in Al,O;.* 
Paut W. Levy anp G. J. Dienes, Brookhaven National Labo- 
ratory.—Hunt and Schuler! have shown that synthetic crystals 
of a-Al,O; were slightly colored in the ultraviolet by x-ray 
bombardment and observed saturation at small x-ray doses. 
Irradiation of this material by gamma rays produces similar 
coloring. A dose of 2 to 3X10‘ r produces as much coloring 
as 107 r. Single crystals of a-Al,O; subjected to pile irradiation 
exhibit two additional well-defined absorption bands at 
2040A and 2600A. The 2040A band is approximately 10 times 
as intense as the 2600A band. The transmission of the crystals 
at 2040A is about 90 percent after the gamma-ray coloring 


Cc 11 


has reached saturation. Sixteen hours irradiation in the Brook- 
haven reactor reduces the transmission at this wavelength to 
less than 0.1 percent. The intensity of the absorption bands is 
unaltered by additional y-irradiation which indicates that the 
absorption due to fast neutron damage is independent of the 
presence of ionizing radiation. The 2040A absorption increases 
with irradiation time according to the equation dN/dt 
=K-—fN. At 100°C in the reactor f is approximately 0.14. 
In contrast, thermal annealing at 100° and 200°C reduces the 
intensity by less than 0.5 percent. 


*Work accomplished under contract with the U. S. Atomic Energy 


Commission. 
?R. Allan Hunt and Robert H. Schuler, Phys. Rev. 89, 664 


(1953). 
C5. Magnetic Susceptibility of Fast Neutron Bombarded 
Ge. D. K. Stevens, J. W. CLELAND, AND J. H. CRAwrForp, 
JR., Oak Ridge National Laboratory.—The magnetic suscepti- 
bility of n-type Ge subjected to various periods of bombard- 
ment in the Oak Ridge Graphite Reactor has been measured 
as a function of temperature in the range 65° to 300°K. 
According to present concepts the free current carriers add a 
diamagnetic contribution to the total susceptibility due to the 
orbital motion imparted to the carriers by the magnetic field.! 
Because of the small effective mass of electrons? this contribu- 
tion is quite large in Ge. The effect of irradiation is to decrease 
the diamagnetism of material with an initial large concentra- 
tion of electrons in a manner consistent with the removal of 
electrons from the conduction band by bombardment intro- 
duced traps. Changes in electron concentration resulting from 
bombardment determined from susceptibility measurements 
agree within experimental error with the values obtained from 
Hall constant measurements. Implications concerning the 
magnetic nature of electron traps will also be discussed. 


! Busch and Mooser, Z. physik Chem. 198, 23 (1951). 
2D. K. Stevens and J. H. Crawford, Jr., Phys. Rev. 92, 1065 (1953). 


C6. Bombardment Damage of Ge Crystals by Fast Elec- 
trons. W. Koun,* Bell Telephone Laboratories.—It has been 
found! that the conductivity of n-type Ge is reduced by bom- 
bardment with electrons whose energy exceeds 0.63 Mev. This 
effect and its disappearance by annealing has been studied in 
detail by Fletcher, Brown, and Wright.2, The experimental 
facts are consistent with the picture that the reduction of 
conductivity is due to the formation of acceptor levels associ- 
ated with vacancy-interstitial pairs produced by the bom- 
bardment. The threshold of 0.63 Mev implies that at least 
30.5 ev must be imparted to a Ge atom to produce an acceptor 
level. Theoretical considerations are presented which lead to 
the conclusion that some of the nearest interstitial positions 
can be reached by atoms with substantially smaller energies. 
This is consistent with the reported threshold of 25 ev for 
interstitial production in the much more closely packed Cu 
lattice.* One is thus led to the picture that in Ge the most 
easily accessible interstitial positions are either unstable or, 
if stable, do not give rise to acceptor levels. 

*On summer leave from Carnegie Institute of Technology, Pittsburgh, 
Pennsylvania. 

! E. E. Klontz and K. Lark-Horovitz, Phys. Rev. 86, 643 (1952). 

2R. C. Fletcher and W. L. Brown, Phys. Rev. 92, 585 (1953); 


Fletcher, and Wright, Phys. Rev. 92, 591 (1953), 
3D. T. Eggen and M. J. Laubenstein, Phys. Rev. 91, 


Brown, 


238 (1953). 


C7. Minority Carrier Lifetime in Semiconductors as a 
Sensitive Indicator of Radiation Damage.* I’. Rappaport, 


Radio Corporation of America.—Studies of beta-particle bom- 
bardment of semiconductors indicate that minority carrier 
lifetime constitutes an extremely sensitive indicator of radia- 
tion damage. In studies of the electron-voltaic behavior of 
p-n junctions! bombarded by beta particles from a 50 milli- 
curie Sr90-Y90 source, it was observed that the open circuit 
voltage decreased by as much as a factor of two in 1 hour. 
This effect decreases as one goes in the direction of intrinsic 
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material. This corresponds to a change of 10"/cm? in the 
number of defects. So small a change would not appreciably 
affect the conductivity of the samples studied. Observations on 
the junction rectifier characteristics which can also be 
markedly affected by beta bombardment suggest that the 
major physical basis for the change in both rectifier and elec- 
tron-voltaic effects resides in an alteration of the minority 
carrier lifetime (7). This appears to be borne out by actual 
measurements which show that 7 can change by an order of 
magnitude when the defects are increased by 10"/cm'. 


* Work supported by Wright a. remy Center, U. S. Air Force. 


1P. Rappaport, Phys. Rev. 93, 


C8. Radiation Effects in Indium Antimonide. J. W. CLELAND 
AND J. H. CRAWrorp, JR., Oak Ridge National Laboratory. 
Measurements of the effect of reactor irradiation on the elec- 
trical properties of InSb' have been extended. Single crystal? 
specimens have been irradiated in the Oak Ridge graphite 
reactor at ~30°C. Since transmutation effects are comparable 
to or greater than lattice disordering effects for the neutron 
energy spectrum employed, all samples were shielded with Cd 
and In foil. Measurements of the Hall constant at liquid 
nitrogen temperature indicate that the rate of removal of 
holes for p-type material is about four times the rate of re- 
moval of electrons for low-resistivity n-type material. Since 
the hole removal process is predominant, p-type InSb can be 
converted to n-type by lattice disorder and both p-type and 
low-resistivity m-type arrive at a final high-resistivity n-type 
saturation with a liquid nitrogen carrier concentration of 
~1 X10" electrons/cm’. It is therefore concluded that lattice 
defects introduced by fast neutrons act as electron traps in 
n-type material and as hole traps in p-type material, the hole 
traps being about four times as efficient. 

1J. W. Cleland and J. H. Crawford, Jr., Phys. Rev. (to be published). 


2 We are indebted to M. Tanenbaum of the Bell Telephone Laboratories 
for the samples used in these experiments. 


C9. Hall and Resistivity Measurements During Electron 
Bombardment of Germanium and Indium-Antimony.* R. 
PEPPER, E. KLontz, K. LARK-Horovitz, AND J. MacKay, 
Purdue University—Electrons from the linear accelerator 
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(4.5 Mev) were used for irradiating Ge and In-Sb semicon- 
ductors near liquid nitrogen temperatures (87°K). By bom- 
barding between the voles of a magnet, the Hall effect R and 
resistivity p were measured during bombardment, thus allow- 
ing changes in mobility during irradiation to be followed. 
p-type Ge (In doped) exhibits monotonically increasing R 
and p values with little change in R/p during bombardment. 
However in a 5.5 ohm-cm sample doped with Au, with an 
impurity activation energy of 0.21 ev, both R and p decrease. 
The ratio R/p decreases first by a factor of three but finally 
increases to a value slightly greater than the initial value. 
In p-type In-Sb, R and p increase monotonically and R/p 
decreases slightly during bombardment. In a 4 ohm-cm n-type 
Ge sample both R and p increase initially and R passes through 
a maximum negative value for a flux of about 1.310" 
electrons/cm*. Continued bombardment changes R to posi- 
tive values. On warming up to room temperature R again 
becomes negative for a total flux of 5X10" electrons/cm’. 


* Supported by a U. S. Atomic Energy Commission contract 

C10. The Elastic Constants of Silicon Before and After 
Neutron Bombardment from X-Ray Diffuse Scattering.* 
W. P. BINNIE AND A. M. LiesscHutz,f Purdue University.— 
Using a Geiger counter the diffuse scattering of CuKa x-rays 
from a single crystal of silicon was measured before and after 
a neutron bombardment of 3X10" n.v.t. From these data 
the elastic constants have been determined using Wooster 
and Ramachandran’s method.'! The elastic constants before 
irradiation agree with the values obtained by ultrasonic 
methods but after bombardment striking changes occur 
particularly in the values of Ci; and Ci:. From the elastic 
constants Young’s Modulus, compressibility and the Debye 
temperature can be calculated. The values calculated from the 
elastic constants before irradiation agree with those measured 
directly. The change in Debye temperature observed after 
neutron irradiation has been calculated from the changes of 
the elastic constants and is in agreement with the experiments. 

* Supported by a U. S. Atomic Energy Commission contract 

t+ Now at Convair, Fort Worth, Texas 


1G. M. Ramachandran and W. A. Wooster, 
(1915). 


Acta Cryst. 3, 335, 431 


THURSDAY MORNING AT 10:00 


Normandy Room 


(J. K. GaLt presiding) 


Magnetic Resonance and Spin-Wave Theory 


D1. Paramagnetic Resonance Absorption in Carbons.* 
J. G. Caste, Jr., University of Buffalo.—Paramagnetic 
resonance absorption characteristic of natural and artificial 
graphite was found! as a single resonance line close to the 
gyromagnetic ratio of the spin moment of a free electron. The 
investigations have been extended to carbons of smaller 
crystallite size. The carbon was prepared by grinding soft coke 
to particles with mean diameters of one to two microns and 
then heat-treating a single batch of the powder to a series 
(starting around 1000°C) of successively higher temperatures 
until artificial graphite was formed (2500°C and _ higher). 
No resonance absorption was observed after the lower heat- 
treatments, but after treatment to around 1400°C a very 
broad line corresponding to g=2.00 was found. The line 
sharpens as heat-treatment temperature is increased. The 
width is 11+3 gauss for polycrystalline graphite in agreement 
with the earlier measurements. The position of the peak ab- 


sorption is essentially constant and the intensity of resonance 
absorption per unit mass is the same within an order of mag- 
nitude. Absorption may be present in the baked carbons, but 
a line with a half-width greater than 200 gauss would have 
gone undetected. 


. Office of Naval Research. 
92, 1062 (1953). 


* Supported by the U.S 
1J. G. Castle, Jr., Phys. Rev. 


D2. Pure Quadrupole Spectrum of Methyl Iodide Vapor.* 
FRED STERZER, New York University and Newark College of 
Engineering, AND YARDLEY BEERS, New York University. 
In a symmetric top molecule transitions can take place be- 
tween quadrupole hyperfine levels of the same J and K pro- 
vided that K#0. Because of its large quadrupole-coupling 
constant, CH;I'”’ has several lines of this type with computed 
intensities sufficient for observation in the uhf region. Using 
the spectrometer reported previously,! we have observed the 
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following lines: J=A=3, F=11/2—-9/2, 444.7604+0.10 Mc 
sec; J=K=4, F=13/2—-11/2, 481.05+0.10 Mc/sec; J=K 
=5, F=15/2-—+13/2, 503.05+0.15 Mec/sec. The identities of 
the first two lines were confirmed from Stark splittings. These 
measured frequencies are perfectly consistent with the quad- 
rupole coupling constant obtained from microwave rotational 
spectra? if second-order theory is employed. 

* Supported by the U. S. Office of Naval Research and by the U, S. Air 


», through the Office of Scientific Research of the U. S. Air Research 


‘lopment Command 
‘rs and S. Weisbaum 


10ons, and Smith 


Phys. Rev. 91, 1014 (1953). 
Phys. Rev. 74, 243 (1948). 


D3. Nuclear Magnetic Relaxation in Semiconductors. \N. 
BLOEMBERGEN, Harvard University.—The theory of nuclear 
relaxation in metals by the interaction with conduction elec- 
tron spins is extended to semiconductors. When the carriers 
obey Maxwell-Boltzmann statistics, the relaxation time is 
inversely proportional to the concentration of carriers and to 
the square root of the temperature. In a degenerate Fermi- 
Dirac gas of carriers the relaxation time is inversely propor- 
tional to the absolute temperature and to the two-thirds 
power of the concentration. The degeneracy temperature and 
the hyperfine interaction in semiconductors may be deter- 
mined from the nuclear relaxation time, which will usually 
be rather long. When most electrons or holes are bound in 
the impurity levels, another relaxation mechanism will be 
more important. Spin-diffusion toward the bound paramag- 
netic impurities may result in a relaxation time which is 
independent of the temperature. Applications of the theory to 
grey tin and to silicon and germanium will be discussed. 


D4. Proton Magnetic Resonance in Compounds Having 
Several Liquid Crystal Phases. R. EwinG anp J. C. Leer, 
Michigan State College.—-According to Bernal and Crowfoot, 
the compounds ethylanisal para-aminocinnamate and ethyl- 
phenyl benzylamino cinnamate exhibit three and four liquid 
crystal phases, respectively. We have attempted to relate 
these phases with the changes in line shape of the proton 
resonance signal. In the three-phase compound the line shape 
in the highest temperature phase consists of a triplet similar 
to those reported! for compounds having only a single liquid 
crystal phase. As the temperature is decreased the line shape 
changes radically and at lower temperatures emerges as a 
single narrow line on a broad base. The changes of the line 
shape with temperature for the four phase compound are 
much less spectacular. Some of the observed line shapes may 
arise from crystalline phases which co-exist with the liquid 
crystal phases. 

1 Jain, Moses, Lee, and Spence, Phys. Rev. 92, 844(A) (1953). 

D5. Ferromagnetic Resonance Relaxation Times in Single 
Crystals of Nickel and Iron.* J. A. Cowen AnD R. D. SPENCE, 
Michigan State Cullege.—We have measured the reciprocal 
relaxation time 1/7. for samples cut from nickel and iron 
single crystals from room temperature up to their respective 
Curie temperatures, at a frequency of 9400 Mc. At room 
temperature (111) and (100) cuts of nickel yield a value of 
1/T2 approximately 5/3 of its value for a polycrystalline 
sample (3.2107 sec™'). As the temperature is increased 
1/T.2 decreases and at 300°C is about the same as for a poly- 
crystalline sample. As the temperature approaches the Curie 
point 1/72 increases rapidly following a curve of the same 
shape as that for polycrystalline samples. For (111) samples of 
iron the room temperature value of 1/72 is 14X10™ sec™. 
In such samples 1/7» reaches a maximum at 250°C and then 
decreases to 5107 sec™ at the Curie point. 

* Supported by the U.S. Office of Ordnance Research. 

Do. Study of Exchange Interactions by Spin Wave Reso- 
nance. G. T. Rapo anp J. R. WEERTMAN, Naval Research 
Laboratory. -No previous experiments have revealed exchange 


interaction ellects in ferromagnetic resonance, and semi 
theoretical estimates! have indicated that at room tempera- 
ture the “exchange shift”’ A/J is indeed only about 0.2 percent 
of the static field HZ required for resonance. It is now shown 
that an easily measurable exchange shift of about 20 percent 
can be obtained at room temperature by using an unusually 
small H (~100 oersted) in conjunction with a zero-anisotropy 
polycrystal (or low-anisotropy monocrystal) possessing a 
large we (~1000) at resonance. The samples used by us to 
date are properly heat-treated cylinders of 66 percent Ni—34 
percent Fe alloy. By using an improved, modified version of a 
technique described earlier,?, measurements are obtained at 
3000 and 6000 Me/sec of both parts of the “equivalent iso- 
tropic permeability” (u=i—iue) as a function of the axially- 
applied static field. Tentative results demonstrate the existence 
of exchange effects in this “spin wave resonance” by exhibiting 
the characteristic line shapes calculated in the following ab- 
stract (Ament and Rado) and yielding reasonable values of 
the spectroscopic splitting factor g and exchange factor A. 


1C, Kittel and C. Herring, Phys. Rev. 77, 725 (1950). 
2M. H. Johnson and G. T. Rado, Phys. Rev. 75, 841 


1949). 

D7. Electromagnetic Effects of Spin Wave Resonance. 
W.S. Ament anp G. T. Rapo, Naval Research Laboratory. 
Maxwell’s equations, and the “precession equation” supple- 
mented by the exchange torque (24/M?)MXV?M, deter- 
mine the microwave propagation inside a saturated ferro- 
magnet. In a metal, the exchange factor A gives rise to three 
propagation constants, ki, ke, ks, for waves with both prop- 
agation vector and magnetic vector perpendicular to the 
static magnetic field 7,. When such waves are excited exter- 
nally, the three wave-amplitudes are determined through the 
usual continuity conditions at the air-metal interface, plus 
two new boundary conditions, the vanishing of the normal 
derivatives of the x and y components of the microwave mag- 
netization. These new conditions, shown to be equivalent to 
the delta-function picture,' are explained physically. The sur- 
face impedance E,//1, is calculated from the boundary condi- 
tions and the solutions of the cubic secular equation for k,’, 
k?, ke. The “equivalent isotropic permeability,” u, derived 
from E./H,, depends on A, g, and X, as well as on the known 
parameters w, o, /,, and H,. For A #0, resonance shift and 
line broadening are found in the calculated » even when the 
damping factor \ vanishes. 


1C, Kittel and C. Herring, Phys. Rev. 77, 725 (1950). 

D8. Theory of g Factor and Spin-Lattice Relaxation Time 
in Alkali: Metals. HArRvEy Brooks, Harvard University. 
A quantitative theory of the g factor in alkali metals has been 
developed which permits calculations based only on a knowl- 
edge of the spectroscopic term values of the free atom, in- 
cluding the fine structure intervals in the p terms. The method 
is an extension of that employed in a recent calculation of the 
cohesive energy of the alkalis, and the approximations in- 
volved are equivalent to those employed in a similar calcula- 
tion by Yafet.! The result for sodium is Ag=—3.2X10™4 
sin’*@9 as compared with Ag= — 3.7 X10™4 sin-*@, computed by 
Yafet. Here 69 is the angle between the k vector and the mag- 
netic field. Numerical results will be given for the other 
alkali metals. The new method has also been used to investi- 
gate the spin-lattice relaxation time, using essentially a model 
proposed by R. J. Elliott in which spin flops accompanying 
lattice scattering result from the contamination of each spin 
state by its opposite via the spin-orbit interaction. It is found 
that the principal contributions to the matrix element can be 
evaluated without recourse to explicit wave functions and 
ionic potentials and so can be deduced from spectroscopic 
data of the free atoms. 


1 Harvey Brooks, Phys. Rev. O91, 1027 (1953 VY. Vafet, Phy Rev. 85 


178 (1952). 
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D9. Spin Waves in Antiferromagnetic Face-Centered 
Cubic Lattices. FRANK STERN,* Bell Telephone Laboratories. 


Anderson’s! 


treatment of spin waves in antiferromagnetic 
lattices is modified by expanding in the deviation of the z 
component of spin from S instead of from [S(S+1)]}. The 
modified method is applied to face-centered cubic lattices with 
antiferromagnetic ordering of the second and third kinds. The 
energy and the mean spin per sublattice are evaluated at 
absolute zero and some of the resulting integrals are very 
crudely estimated in terms of the ratio of nearest to next 
nearest neighbor interactions. The lattice becomes disordered 
at the transition between ordering of the second and third 
kinds. There are two forms of ordering of the second kind— 
Case A has alternating trigonal planes of up and down spins, 
as observed in MnO;? Case B has spins in the trigonal planes 
alternately in the ratio 3:1 and 1:3, with no trigonal planes 
singled out. 
* Now at the U.S. Naval Ordnance Laboratory. 


1P. W. Anderson, Phys. Rev. 86, 694 (1952). 
2? Shull, Strauser, and Wollan, Phys. Rev. 83, 333 (1951). 
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D10. Dipolar Ferromagnetism in Cubic Lattices. M. H. 
CouHEN, University of Chicago, AND F. KEFFER, University of 
Pittsburgh.—A critical examination of the Holstein-Primakoff 
spin-wave technique! has yielded explicit criteria for the sta- 
bility of ferromagnetic arrays. These criteria have been applied 
to point dipoles on the three primitive cubic lattices for the 
shape most favorable for ferromagnetism, that of a long, thin 
sample. The results are as follows: (1) dipolar ferromagnetism 
cannot occur on the simple cubic lattice; (2) the ferromagnetic 
state can be the lowest, or at least a metastable, state on the 
face-centered and body-centered cubic lattices. The lowest 
energies of ferromagnetic states were calculated for the (100), 
(011), and (111) directions, thus obtaining two anisotropy 
constants, K; and Ko, for each lattice. This anisotropy is 
quantum-mechanical in nature, originating in the zero point 
energy of the spin waves. Comparison with previous classical? 
and quantum-mechanical’ considerations will be made. This 
work is based on calculations of dipolar sums to be published 
shortly. 

T. Holstein and H. Primakoff 


i 
2J. M. Luttinger and L 
3 J. Tessman, Phys. Rev. 
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THURSDAY MORNING AT 10:00 


State Hall 101, Wayne University 


(T. G. Fox presiding) 


Invited Papers in High-Polymer Physics 


El. Effect of High-Energy Radiation on Polymers. A. Cuarvessy, Harwell. (30 min.) 
E2. Theory of Orientation and Double Refraction in Polymers. :. F. GurNer, Dow Chemical Com- 


pany. (30 min.) 


E3. Measure of Orientation in Polystyrene Monofilaments by Means of Double Refraction. R. D. 


AnpDREws, Dow Chemical Company. (30 min.) 


Contributed Papers 


E4. Effects of Co” Gamma Radiation on Formation and 
Degradation of Polymers. M. Hosss Linpsrty, DouGvas E. 
Brown, AND Davip W. PLETCHER, University of Michigan. 
The composition of product of the gamma catalyzed poly- 
merization of an equimolar mixture of styrene and methyl 
methacrylate is identical to that formed’ in the presence of 
benzoyl peroxide 94 quite different from those formed in 
the presence of sodium and stannic chloride. This result may 
be interpreted to mean, by the scheme of Mayo and Walling, 
that the gamma catalyzed polymerization is of the free radical 
type. The gamma catalyzed polymerization is promoted by 
several of the conventional antioxidants and inhibitors and 
certain vulcanization accelerators and is retarded by several 
materials including sulphur compounds. Consideration is 
given to the possible relationship of these observations with, 
(1) free radical polymerization and (2) polymer degradation 
in the presence of light, oxygen, ozone, and heavy metals. 


ES. Dielectric High-Frequency Method for Molecular 
Weight Determinations.* P. Dresye, P. P. Desyre,t AND 
B. H. Eckstein, Cornell University.—If an inhomogeneous 
electric field E is applied to a solution whose constituents have 
different polarizabilities, the more polarizable one will ac- 
cumulate to excess in the region of maximum field energy. 
Consider a polymer solution, the polymer having the greater 
polarizability, in a cylindrical condenser with a fine wire, 
centrally located, as one electrode. If a high field is applied, 
the concentration of polymer near the wire will exceed the 
macroscopic concentration and a ‘‘polymer atmosphere’’ will 


be formed about the wire, having a Boltzmann distribution 
corresponding to a potential energy V = }aE?. In the presently 
employed arrangement the condenser is made part of a circuit 
oscillating at 5 mc. The small change in frequency resulting 
when the potential is applied is measured by beating this 
variable frequency oscillator against a fixed frequency monitor. 
At low concentrations, the change in frequency is directly 
proportional to the molecular weight of the polymer and to E?. 
However, the change in frequency is not instantaneous; it 
can be followed quite closely. From the manner in which the 
change occurs conclusions may be drawn about the distribu- 
tion of mobilities, and hence of molecular weights and dimen- 
sions, in the polymer. 

Rubber of the RFC, 
facturing Company, Waltham, 


ted by the Office of S 


Raytheon Man 


* This work is supp 
+ Present address: 
Massachusetts. 


nthetic 


E6. A Field-Induced Diffraction Method for Molecular 
Weight Determinations.* W. A. Barser, P. DEBYE, AND 
B. H. Eckstein, Cornell University.—When ultrasonic vibra- 
tions from a crystal are transmitted through a liquid, periodic 
inhomogeneities in density, and hence in refractive index, are 
created and may be discerned by using them as a diffraction 
grating for light. Another way of creating such a grating is to 
introduce periodic variations in the refractive index of a 
solution by other means. In this study, the effect of an in- 
homogeneous electric field, discussed in the preceding paper, is 
utilized. A stack of uniformly spaced razorblades with sharp 
edges serves as one electrode, a brass plate about 5 mm away 
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as the other. When the whole assembly is submerged in a 
polymer solution and a strong electric field is applied, again a 
Boltzmann atmosphere of polymer is built up in the vicinity 
of the blade edges, where the field is strongest. A parallel 
beam of monochromatic light is passed through the space 
between the electrodes, its direction parallel to the blade edges. 
The spectrum visible first, due to the blades alone, is blocked 
out. Then the field is applied, and the spectrum reappears, 
now due to the polymer aggregations. The intensity of the 
first-order line is proportional to W/? and E‘, and it is measured 
by reading the output of a photomultiplier tube on a cathode- 
ray oscilloscope. 


* This work is supported by the Office of Synthetic Rubber, of the RFC. 


E7. Gamma-Ray Polymerization of Acrylamide in the 
Solid State.* Rospert B. MrsrospiAN AND PAuL ANDER, 
Polytechnic Institute of Brooklyn, AND Davip S. BALLANTINE 
anD G. J. Dienes, Brookhaven National Laboratory.—The 
polymerization of vinyl monomers can be initiated by heat, 
ultraviolet radiation, and various catalysts. More recently 
ionizing radiation has been shown to initiate effectively vinyl 
polymerization.' However, polymerization in the solid state 
by any of the above means is not reported in the literature. 
Some experiments will be described which demonstrate that 
crystalline acrylamide undergoes polymerization upon irradia- 
tion with y rays from an intense Co® source. Sublimed acryl- 
amide was irradiated in vacuo and the polymer isolated by 
methanol precipitant. Viscosity, osmotic pressure, and _ tur- 
bidity measurements were performed on water solutions of the 
polymer. Conversion vs time curves were obtained at several 
irradiation temperatures with the temperature maintained 
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constant at +1°C. At 5°C or below a long induction period 
was observed. Radicals are ‘‘frozen-in” at these temperatures 
since upon warming violent polymerization occurs. Residual 
crystallinity of the bulk sample was determined by measuring 
the integrated intensity of several x-ray reflections. The re- 
sidual crystallinity decreases with irradiation. However, 
appreciable crystallinity remains even at high conversion in- 
dicating that the monomer crystalline domains are not strongly 
disturbed by the newly formed polymer chains. 

S. Atomic Energy 


* Work partially done under contract with the U. 


Commission. 
1 F. S. Dainton and E. Collinson, Ann. Rev. Phys. Chem. 2, 99 (1951). 


E8. Static Electrification of Filaments: Dependence of 
Charge Transferred on Normal Force and Velocity. S. P. 
HersH* and D. J. MonrGomery,t Textile Research Institute.— 
An apparatus has been constructed to permit short lengths 
of single filaments to be rubbed against each other under 
controlled ambient and mechanical conditions. The net charge 
transferred in a single rub is measured with an electrometer. 
Among the materials studied were various metals and the 
nonmetals, glass, wool, cotton, Nylon, viscose, polyethylene, 
and Teflon. With respect to dependence on normal force for 
both metals on insulators and insulators on insulators, the 
charge increases linearly from nonvanishing intercept to a 
limiting value, presumably as a result of electrical breakdown 
of the atmosphere. A similar behavior is found for the velocity 
dependence, except that for some insulators on insulators the 
charge appears to be independent of velocity within the range 
available for the apparatus. 


* Union Carbide and Carbon Fellow at Textile Research Institute. 
7 Present address: Michigan State College, East Lansing, Michigan. 


THURSDAY AFTERNOON AT 2:00 


State Hall 101, Wayne University 


(J. D. Ferry presiding) 


High-Polymer Physics 


Fi. Dynamic Mechanical Properties of Polyvinyl Acetate. 
Matcotm L. WILLIAMS AND JoHN D. Ferry, University of 
Wisconsin.—A sample of polyvinyl acetate (AYAX) of 
number-average molecular weight 140 000 has been investi- 
gated both in the undiluted state and as a 50 percent solution 
(by volume) in tri-m-cresyl phosphate. The real and imaginary 
parts of the complex compliance were measured with the 
double transducer of Fitzgerald and Ferry between 30 and 
4500 cps. The temperature ranges were 50° to 90°C for the 
undiluted polymer and — 10° to 40°C for the solution, and the 
values of the real component of the compliance ranged in 
each case from 107 to 10°%-® cm?/dyne, corresponding to the 
transition from soft to glasslike consistency. The data for 
both components could be combined at various temperatures 
by the method of reduced variables. Relaxation distribution 
functions and apparent heats of activation for the relaxation 
process have been calculated and are compared with similar 
data for other polymers in the undiluted state as well as for 
solutions of polyvinyl acetate in a solvent of much lower 
viscosity. 


F2. Slow Relaxation Mechanisms in Concentrated Polymer 
Solutions. Joun D. Ferry, Matcotm L. WILLIAMS, AND 
DonaLp M. STERN, University of Wisconsin.—The distribu- 
tion of relaxation mechanisms in concentrated polymer solu- 
tions at the slow end of the time scale can be derived from 
dynamic viscosity, stress relaxation, and (according to a new 
theory of DeWitt) the non-Newtonian viscosity. The results 
of such measurements are compared for several samples of 


polyisobutylene, polystyrene, and polyvinyl acetate, and in 
general they agree well. A modification of the Rouse theory is 
used to predict the slow time-dependent behavior from the 
steady flow viscosity (at vanishing stress) and the molecular 
weight; the agreement is close for a sharp fraction. The elastic 
compliance of a polymer solution in steady-state flow is 
dominated by the slow relaxation mechanisms; according to 
the modified Rouse theory, it is J=(2/5)M..1.M./MuycRT, 
where c is the concentration in g/cc. 


F3. A Calculation of the Dynamic Bulk Modulus of Poly- 
isobutylene. Ropert S. Marvin, National Bureau of Stand- 
ards, AND H. S. Sack AND R. ALprRICH,* Cornell University.t— 
The complex dynamic bulk (dilational) modulus (A*) of a 
polyisobutylene of viscosity average molecular weight 1.35 
10° has been computed from measured shear (G*)' and 
compressional (M*) moduli and the relation 17* = K*+4/3G*. 
The results demonstrate the existence of an imaginary (vis- 
cous) component of the bulk modulus of this material, and 
similarity between the temperature dependence of the ap- 
parent activation energy in dilatation and that in shear. 
There is a less certain indication that the maximum loss 
occurs at the same temperature and frequency in both shear 
and dilatation. 

* Present address, General Electric Company, Syracuse, New York. 

+ The work at Cornell University was supported by the U. S. Office of 
Naval Research. 


1R. S. Marvin, Second International Congress on Rheology, Oxford, 
England, 1953. 
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F4. Steady-State Elastic Shear Compliance and Molecular 
Weight Distribution in Polyisobutylene. HERBERT LEADER- 
MAN AND M. Waces, National Bureau of Standards.—The 
steady-state elastic shear compliance J of two polyisobutylene 
fractions (M, 210 and 13.510*) and of five blends of 
these fractions has been measured. Values for 0, 11.5, 19.9, 
and 100 percent weight fraction of the high molecular weight 
component are 1.1, 17.3, 16.0, and 3.3 10-6 cm?/dyne. The 
maximum value of M,/M,, corresponds to a blend containing 
about 15 percent of the high molecular weight fraction. Pre- 
liminary data suggest that J is proportional to (M,/M,)? for 
these blends. The parameter 1/G; used to specify non-New- 
tonian flow shows the same trend. 


F5. Multiple Dispersion Regions in Rigid Polymeric 
Systems. Ro_r BucHDAHL AND LAWRENCE E. NIELSEN, 
Monsanto Chemical Company.—It is shown how chemical and 
colloidal heterogeneity can result in multiple dispersion re- 
gions of the mechanical or electrical loss factor as a function 
of temperature. Heterogeneity can be produced in several 
ways: (a) mechanical blending (mixing) of certain polymers, 
.(b) nonuniform copolymerization, (c) block or graft poly- 
merization, (d) external plasticization, and (e) certain types 
of molecular weight distribution. Specific examples are given 
to demonstrate the effect. 


F6. The Effect of Crystallinity on the Dynamic Mechanical 
Properties of Polyethylenes. LAwRENCE E. NIELSEN, Mon- 
santo Chemical Company.—Six polyethylenes which differed 
widely in the degree of crystallinity were studied. The crystal- 
linity was determined from density measurements. Both the 
density and the dynamic mechanical measurements were 
made over the temperature range from 25°C to above the 
melting point of the material. The dynamic shear modulus 
drops off rapidly as the melting point is approached. The 
mechanical damping goes through a maximum near 60°C 
and then through a minimum just below the melting point. 
It is possible to predict the density of any point from the 
value of the shear modulus at the same temperature. The 
more crystalline materials have the higher shear moduli and 
the higher melting points. 


F7. Elastic and Dielectric Losses of some High Polymers 
Near and Below the Second-Order Transition Temperature.* 
H. S. Sack, T. R. CUYKENDALL, AND T. J. Woops,t Cornell 
University.—While many high polymers (polyvinylacetate, 
GRS, etc.) exhibit peaks of the elastic and electric losses as a 
function of temperature in the region of the second-order 
transition, no such peaks were found for cellulose-acetate and 
nitrate, though samples of the same preparation show the 
characteristic second-order transition behavior of the expan- 
sion coefficient. However, peaks were found at very much 
lower temperatures, accompanied by changes in the elastic 
modulus. The dependence on frequency is that of a relaxation 
phenomenon similar to that observed above the transition 
temperature for polyvinylacetate (and others). The elastic 
and electric measurements are very similar, and the activation 
energies that can be calculated from the data are the same, 
though the absolute values of the relaxation times may be 
different. The low-temperature relaxation may be due to the 
mobility of relatively small groups, while above the transition 
temperature the motion of large sections of the whole molecule 
plays the important role. 


* This research was supported by the U.S. Office of Naval Research. 
t Now with Pratt & Whitney, Hartford, Connecticut. 


F8. Ultrasonic Properties of Hycar OS-10 and Paracril 35.* 
J. L. Metcnorf anp A. A. PetrausKas, University of Notre 


Dame.—Ultrasonic propagation properties of Hycar OS-10 
and Paracril 35 have been studied from 250 kc to 10 me and 
from —50°C to +70°C. Sound velocity was found to decrease 
with increasing temperature and to exhibit two relatively 
sharp slope changes in the temperature range studied. Sound 
velocity increased with increasing frequency. Attenuation was 
found to peak in this temperature range for each of the fre- 
qucncies employed. These peaks shifted to higher tempera- 
tures with increasing frequency. The temperature region of 
maximum attenuation and dispersion was assumed to repre- 
sent the region of second-order transition. Activation energies 
of 38 kcal/mole for Hycar OS-10 and 40 kcal/mole for Paracril 
35 were determined from the temperature variation of this 
region with frequency. Propagation properties of swollen 
Hycar OS-10 were observed. The effect of increasing swelling 
was found to be roughly the same as that of decreasing 
frequency. 

S. Office of Naval Research 


* Supported in part by the U. ind by the 


United States Rubber Company. 
t Now at Sylvania Corporation, California 


F9. Stress-Temperature-Time Studies through the Second- 
Order Transition Region. D. G. Ivey ANp A. Kwet, University 
of Toronto.—Previous measurements of stress in elastomers 
held at a constant extension have shown strong relaxa- 
tion effects in the region of the second-order transition tem- 
perature 7;,, but have not been carried to temperatures much 
below 7,,. In the work here reported, materials exhibiting a 
transition at about —30°C have been used, and the measure- 
ments carried out in the range +20° to —80°C. Stress is 
observed to increase linearly with temperature above 7), as 
others have reported. Linear behavior is also observed below 
the transition region, stress increasing rapidly with decreasing 
temperature. It is felt that the intersection of the two straight 
lines might be used to define 7,, for the process. This defini- 
tion would be unique, as opposed to 7, defined by the point 
at which departures from the high-temperature linear be- 
havior are observed. Because of relaxation effects in this 
region, 7, so defined is dependent on the rate at which the 
experiment is performed. Values of stress less than those 
defined by the straight lines were not observed, hence these 
lines seem to represent the lower limit of the stress at a given 
temperature. Consequently, 7, as defined by the line inter- 
section may have some physical reality. 


F10. Measurement of Nuclear Induction Relaxation Times 
in Polymers.* VY. R. HoNNoLD,¢ F. McCarrrey,t AND B. A. 
Mrowca, University of Notre Dame.—Both spin-lattice (7) 
and spin-spin (7 2) relaxation times of nuclear magnetic 
moments were studied for several polymers over a tempera- 
ture range which included the second-order transition region. 
In this region the absorption line widths decreased by several 
gauss with increasing temperature. Average values of correla- 
tion times in this temperature range were estimated to be of 
the order of microseconds. Barrier height potentials against 
the thermal motion leading to absorption line narrowing were 
obtained from the 7 and 7. curves. Typical values obtained 
were 2 kcal/mole for Butyl and 7 kcal for Paracril 35. The 
line-width transition for polypropylene occurred at a tem- 
perature considerably higher than that for polypropylene 
oxide indicating a decreased steric hindrance to quasi-free 
rotation for the oxide. Silicone samples were characterized 
by narrow absorption lines limited by magnetic field inhomo- 
geneity down to temperatures as low as —50°C. T; and T2 
data were also obtained for two low molecular weight hydro- 
carbons through the first- and second-order transition regions. 

* Supported in part by the U. S. Office of Naval Research and by Re 


search Corporation of America. 
t Now at U.S. Naval Ordnance Test Station, Inyokern, Cal 
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THURSDAY AFTERNOON AT 2:00 


Ballroom 


(R. C. DUNLAP presiding) 


Semiconductcrs, I (Germanium) 


Gl. Pressure Dependence of the Hall Effect in Ger- 
manium.* W. Pavut, G. B. BENEDEK,t AND H. Brooks, 
IIarvard University——The pressure dependence of the Hall 
constant and resistivity of n- and p-type samples of germanium 
of different impurity concentration has been measured from 0 
to 12 000 kg/cm?. In n-type samples chosen so that the carriers 
are all of one type and their density remains constant—a 
condition deducible from the known dependence of energy gap 
on pressure'—the Hall constant increases by some 8 percent 
to 12000 kg/cm*. Assuming constant carrier concentration, 
this can be interpreted as an increase in the ratio of Hall to 
drift mobility for electrons. Taken in conjunction with the 
resistivity data this implies a decrease in both Hall and drift 
mobility for electrons under pressure. The results for n-type 
germanium with a considerable number density of minority 
carrier are not inconsistent with this explanation. The changes 
in the Hall constant and resistivity in the p-type samples 
under pressure are smaller than in the n-type but do indicate 
an increase of both Hall and drift mobility for holes under 
pressure, with a decrease in their ratio. 

* Supported in part by U.S. Army, U.S. Navy and U. S. Air Force under 
contracts with Harvard University and re & 


t Staff Member, Lincoln Laboratory, M 
1W. Paul, Phys. Rev. 90, 336 (1952). 


G2. Hall Effect and Resistivity of Germanium at Low 
Temperatures.* H. Fritzscue, Purdue University.—The 
anomalous behavior of the Hall coefficient R—maximum at 
low temperature—and the resistivity at low temperatures 
first observed in 1950! has been reexamined. New experiments 
show that surface effects can be eliminated by etching the 
sample. R and p are independent of electric fields below 0.5 
v/cm in the whole temperature range to 2°K. At helium tem- 
peratures R depends strongly on the magnetic field strength. 
Fields of 250 gauss alter R appreciably; at 3500 gauss the 
error is as large as 70 percent for some samples. However, after 
the magnetic field effect has been subtracted, the Hall curve 
still exhibits the maximum and the decrease at low tempera- 
tures. The magnetoresistive ratio also behaves abnormally by 
decreasing sharply with temperature in the same low-tempera- 
ture range in which R decreases with temperature. Explana- 
tions offered so far will be discussed in the light of our ex- 
periments. 


* Work supported by U.S. Signal Corps 
C. S. Hung and J. R. Gliessman, Phys. Rev. 79, 720 (1950) 

G3. Thermal Conductivity and Thermoelectric Power of 
Germanium at Low Temperatures.* E, FAGEN, J. GOFF, AND 
N. PEARLMAN.—The effect on low-temperature thermal con- 
ductivity, k, and thermoelectric power, Q, of semiconductors, 
due to neutron bombardment, is being investigated. Measure- 
ments of both these quantities, as well as resistivity, p, are 
made simultaneously by determining heat input, thermal emf, 
voltage drop due to current flow, and temperature gradient 
(the last by means of phosphor bronze thermometers in the 
liquid helium range and gas thermometers at higher tempera- 
tures, the thermometers in each case being attached directly 
to the sample). Preliminary results have been obtained for 
several Ge samples before bombardment. For a low-resistivity 
sample (n type, 0.005 ohm-cm at room temperature), & varies 
approximately as 74 from 1.5°K to 4.2°K, where it is 0.36 
watt-units; Q rises from 25 to 100 wv/degree, approximately 
linearly, in the same temperature range. For two other 


samples (p type, 0.2 ohm-cm at room temperature; type, 
0.013 ohm-cm at room temperature), k was about 2.5 watt- 
units at 80°K, rising at 5.0 at 55°K in the former, and to 4.0 
in the latter. Measurements will be repeated on these samples 
after neutron irradiation, and are being extended to other 
samples of germanium and other semiconductors. 


* Assisted by a U. S. Atomic Energy Commission contract 

G4. Optical Properties of Germanium in the Far Infrared.* 
E. J. JoHNson and W. G. Spitzer, Purdue University. 
Reflection and transmission measurements have been made 
on germanium from 41 to 150 microns using residual ray ar- 
rangement! and a Golay detector. The samples were polished 
on both sides. The reflection from high-resistivity (>107 
ohm-cm) samples, m type and p type, give a constant reflec- 
tivity 0.36 over the entire wavelength range corresponding to 
a dielectric constant of 16. For low-resistivity (< 10°? ohm-cm) 
samples the reflection increases with wavelength up to 117 
microns (90 percent for 0.003 ohm-cm n type sample) dropping 
again at 152 microns.' These results are difficult to interpret 
on the basis of the Drude-Kronig free carrier theory.? Trans- 
mission measurements on p type samples show that the high 
absorption coefficient beginning at about 10 microns remains 
substantially constant up to 80 microns, then rises again 
sharply to much higher values. This result adds another inter- 
esting characteristic to the absorption spectrum of p type 
germanium. 

* Work supported by a U. S. Signal Corps contract. 

1K. Lark-Horovitz and K. W. Meissner, Phys. Rev. 76, 1530 (1949) 

2H. Y. Fan and M. Becker, Semiconducting Materials (London, 1951 

§ Kaiser, Collins, and Fan, Phys. Rev. 91, 1380 (1953). 


GS. Effective Mass and Degeneracy of Carriers in Ge 
from Diamagnetic Behavior. J. H. CRawrorp, JR., AND D. K. 
STEVENS, Oak Ridge National Laboratory.—Recent studies of 
the magnetic susceptibility of Ge! in the temperature range 
from 65 to 300°K have yielded values for the effective masses 
of electrons and holes (m,*/m=0.15+0.02, my*/m=0.23 
+0.03) which considering the different experimental condi- 
tions, are in reasonable agreement with the results obtained 
from diamagnetic or cyclotron resonance absorption.? These 
effective mass values have been used to calculate the experi- 
mental susceptibility vs temperature curves, thereby testing 
the usual assumption of spherical energy surfaces. For both 
n- and p-type Ge, the use of the density of states for quasi-free 
carriers predicts an onset of degeneracy much higher in tem- 
perature than observed experimentally. The x vs 7 curve for 
n-type Ge can be fitted reasonably well under the usual as- 
sumption if the states in the conduction band are considered 
to be sixfold degenerate, thus lending support to the calcula- 
tions of Herman and Callaway.’ The data for p-type Ge, 
however, also require the assumption of a sixfold degeneracy 
for an acceptable fit, a result not borne out by the calculated 
band scheme. 

1 Stevens and Crawford, Phys. Rev. 92, 1065 (1953). 


? Dresselhaus, Kip, and Kittel, Phys. Rev. 92, 827 (1953) 
? Herman and Callaway, Phys. Rev. 89, 518 (1953). 


G6. Microwave Transmission in P-Type Germanium.* 
F. A. D’ALTROY AND H. Y. Fan, Purdue University.—Micro- 
wave transmission measurements (A=3 cm) on germanium! 
have been extended to 20°K. From the power transmission 
and the phase shift in the sample the conductivity o and 
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dielectric constant K are calculated. The contribution of free 
carriers, AK, is taken to be (K—16). The values of the relaxa- 
tion time 7 (in 107” sec) calculated from AK/o according to 
the Drude-Kronig theory (without strictly correct averaging) 
are 1.0, 1.75, 7.6, and 12.2 for 300°K, 200°K, 77°K, and 20°K, 
respectively. The two high-temperature values do not differ 
much from the results of Benedict.2 The lower temperature 
values are considerably lower than those given by the extra- 
polation of his expression. The ratio ¢/ao, o9 being the dc 
conductivity,'is 0.81 at 77°K and 0.62 at 20°K, which values 
are in good agreement with the values of r. It should he 
pointed out that at these temperatures the impurity scatter- 
ing is becoming dominant. The values of 7 and the mobility 
give an average value of 0.63m for the effective mass. 


S. Signal Corps contract. 


* Work supported by a U. 
Y. Fan, Proc. Natl. Electronics Conf. 8, 522 


1F. A. D'Altroy and H. 


(1952). 
’F. S. Phys. Rev. 91, 


G7. Electrical Properties of P-Type Germanium. EstTHErR 
ConweELL,* Sylvania Electric Products, Inc.—Hall and 
resistivity data for a set of p-type germanium samples with 
widely varying impurity concentration’ are compared with 
theory. For the purest samples it is found that conductivity 
in the range 150°K to 300°K varies with temperature as 
T~*3,2 as does the drift mobility u of holes.* The Hall mobility 
“tH Varies as 7~!*8 in this range, however. This leads to wa /p 
~0.1V7T for high-resistivity samples, as compared with the 
theoretical prediction of a constant value of 37/8. Resistivity 
values for the more impure samples are calculated from carrier 
concentration, etc., and compared with experimental values. 
It is concluded that the impurity mobility increases less rapidly 
with temperature than predicted theoretically. The results of 
fitting the theoretical formula to curves of log, of carrier con- 
centration vs temperature will be discussed. 


* On leave from Brooklyn College, Brooklyn, N. Y. 
1P. P. Debye, Phys. Rev. 91, 208(A) (1953). 

2 Reported also by W. C. Dunlap, Phys. Rev. 79, 286 
3M. B. Prince, Phys. Rev. 91, 208(A) (1953). 


G8. Measurement of Lifetimes and Diffusion Constants in 
Germanium.* D. T. STEVENSON AND R. J. Keyes, Lincoln 
Laboratory, M.I.T.—The decay of photoconductivity has 
been used to measure the lifetime of excess carriers in rec- 
tangular samples of germanium in the range of 0.2 to 2500 
usec. A xenon spark tube provided by Professor H. E. Edgerton 
giving an intense light pulse ~0.1 usec long is used for short 
lifetimes. For longer lifetimes a tungsten lamp and rotating 
mirror arrangement is used. The sample lifetime is obtained 
from an oscilloscope display of the decay of photoconduc- 
tivity. Analysis of the solution of the diffusion equation yields 
methods of measuring the bulk lifetime, the surface recombina- 
tion velocity, and the diffusion constant.! The ambipolar diffu- 
sion constant in intrinsic germanium from 300°K to 400°K 
and the diffusion constant of holes in n-type germanium from 
100°K to 300°K have been measured. The results are in agree- 


Benedict, 1565 (1953). 


(1950). 
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ment with those calculated from the mobility data of Prince.? 
Bulk lifetimes up to 2500 usec have been measured. 


intly by the U.S. Army, 
Massachusetts 


ument was supported jo 


ler contract with the 


* The research in this doc 
U. S. Navy, and U. S. Air Force un 
Institute of Technology. 

1 Navon, Bray, and Fan, Proc. Inst. Radio Engrs. 40, 

2M. B. Prince, Phys. Rev. 91, 208 (1953 


1342 (1952). 


G9. Variation of the Recombination Velocity of Germanium 
Surfaces with Ambient Gases.* R. J. Keyes anp T. G. 
Map te, Lincoln Ladoratory, M.I.T.—A study of the variation 
of surface recombination velocity, s, by observation of the 
decay of photoconductivity' has been carried out on high 
lifetime (r~2000 usec.) n-type germanium. All surfaces were 
CP-4 etched to obtain initial values of recombination velocity 
of about 50 cm/sec. The gaseous ambient was varied from 
wet oxygen to dry oxygen with ozone being introduced during 
the dry oxygen part of the cycle. This cycle as used by Brat- 
tain and Bardeen? in their study of contact potential charges 
with ambient. Consistent cyclic changes in s were observed 
with s being roughly twice as high in dry oxygen as in wet 
oxygen and with a slight upward trend in both ambients over 
many cycles. The same cycling without ozone gave about the 
same changes in s but there was a downward trend over many 
cycles. Other changes in s with surface treatment will be 
discussed. 

* The research in this document ported jointly by 
Army, U. S. Navy, nd [ r Force under contract with the 
chusetts Institute of Tec! 


ip. Tr. Stevenson IRI. »VeS, 
Wy, H. Brattain and J. Bardeen, Bell S: 


the U. S. 
Massa 


abstract this meeting 
stem Tech. J. 32, 1 


1953). 

G10. “Channels” in n-p-n Junction Transistors: New 
Results and a Proposed Model.* R. H. Kincston, Lincoln 
Laboratory, M.I.T.—Further measurements of ‘‘channel”’ con- 
ductance! give the following results. If a transistor is first 
etched in hydrofluoric acid and then exposed to repeated short 
cycles of wet nitrogen and wet oxygen, the conductance at a 
fixed voltage decreases by a factor of approximately twenty 
when oxygen is substituted for nitrogen. However, after 
cycling for approximately one hour the conductance in either 
ambient has increased by a factor of one hundred. Exposure to 
wet nitrogen only, after etching, produces no measurable 
“channel” even after several hours. It is therefore proposed 
that an oxide layer on the germanium surface is necessary for 
“channel” formation. Revising the previous model! to include 
the variation of mobility with “‘channel” thickness indicates 
that the equilibrium value of the channel conductance corre- 
sponds to a fixed position of the Fermi level at the surface, 
which is independent. of applied bias, but a definite function 
of surface treatment and gaseous ambient. The decrease in 
conductance in an oxygen ambient thus corresponds to a 
shift of the Fermi level toward the valence band. 


* The research in this doc ument was supported jointly by the 
Army, U. S. Navy, and U. Air Force under contract with the 
chusetts Institute of oil tag 

1R. H. Kingston, Phys. Rev. 


U. S. 
Massa- 


(to be published). 


THURSDAY AFTERNOON AT 2:00 


Crystal Ballroom 


(R. V. Pounp presiding) 


DSSP Symposium on Nuclear and Electronic Resonance in Solids 


H1. Nuclear Magnetic Resonance and the Structure of Metals and Alloys. N. 


Harvard University. (30 min.) 


BLOEMBERGEN, 


H2. Nuclear Magnetic Resonance in Alkali Metals. R. E. NorBerG, University of Illinois. (30 min.) 
H3. Electron Spin Resonance in Semiconductors and Metals. A. F. Kip, University of California, 


Berkeley. (30 min.) 


Post-Deadline Papers, If Any 
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THURSDAY AFTERNOON AT 2:00 


Italian Gardens 


(J. H. CRAWForD, JR. 


presiding) 


Irradiation Effects, II (Mostly Metals) 


Il. Effect of Radiation Damage on the Thermal Conduc- 
tivity of Graphite.* ALAN W. Smit, North American Aviation, 
Inc.—The thermal conductivity of a number of graphite types, 
artificial and natural, has been measured from 10°K to 300°K. 
Several of these types have been subjected to radiation dam- 
age. The thermal conductivity was measured over the whole 
temperature range for varying amounts of damage. The results 
are compared among various graphite types and ungraphitized 
coke. Similar measurements have made on brom- 
graphite compounds and these results are compared with the 
radiation-damaged samples. The anomaly in the temperature 
dependence of the thermal conductivity is discussed and also 
the variation of the conductivity and in its temperature de- 
pendence due to different thermal scattering mechanisms. 


been 


* This work is based on studies conducted for the U. S. Atomic Energy 


Commission. 


12. Crystal Structure as a Factor in Radiation Damage.* 
D. Wruck AND C. Wert, University of Illinois.—An attempt 
has been made to determine the importance of crystal struc- 
ture on the amount of damage produced in a metal by heavy 
particle bombardment. Three metals were used: iron, nickel, 
and cobalt, similar in most properties except crystal structure. 
During bombardment at — 150°C with 10-Mev deuterons, the 
electrical resistivity of foils of these metals was measured at 
intervals at — 180°C. For a total flux of 10'7 particles/cm?, the 
fractional increase in resistivity of iron was 0.5; that of nickel 
and cobalt about 0.1. Further, wires of iron and nickel were 
bombarded with neutrons for two months at ambient tempera- 
tures in the Brookhaven reactor. The resulting fractional 
changes in resistivity (at — 195°C) were 0.1 and 0.01, respec- 
tively. Both experiments show that the resistivity change in 
nickel, a close-packed lattice, is less than that in iron, which is 
more loosely packed ; the first shows further that close-packed 
cobalt behaves about like nickel. Further measurements were 
made on vanadium and titanium, though these metals are 
somewhat different in properties from the others; these 
measurements will be discussed. Possible interpretation of the 
entire investigation will be presented. 


* Sponsored in part by the U.S. Atomic Energy Commission. 

13. Neutron Irradiation Effects at Low Temperature—Cu 
and Al.* A. W. McReyno_ps, W. AuGUSTYNIAK, AND M. 
McKeown, Brookhaven National Laboratory, and D. B. 
RosENBLATT, Frankford Arsenal.—.A general facility for low- 
temperature irradiations in the Brookhaven reactor has been 
developed. Temperature in a Dewar flask surround multiple 
samples is maintained at —150° to —195°C for long periods 
by periodic automatic refilling with liquid nitrogen. Provision 
is included for insertion and removal of active samples at low 
temperature. In this apparatus irradiations of 1.310" nvt 
were made on samples of Cu, Al, Cu—Si, and Be. After storage 
at —195°C for radioactive decay, low-temperature measure- 
ments of electrical and mechanical properties were made on 
wire samples. Largest effects observed were increases of 15-25 
percent in electrical resistivity and several hundred percent in 
critical shear stress. Kinetics of recovery was studied in detail 
by measurement at —195°C at intervals during stepwise an- 
nealing. Data on copper indicate several types of lattice de- 
fects. Increased resistivity partly anneals out in two lower- 
temperature processes —60° to 0°C, and 0-300°C. Critical 
shear stress is unaffected but anneals simultaneously with a 


further resistivity decrease from 300°-400°C. In aluminum 
both properties anneal simultaneously in the range — 80° to 
— 20°C as in the high-temperatu:e copper annealing. 


* Work done under contract with the U. S. Atomic Energy Commission 


I4. The Effect of Short Time Moderate Flux Neutron 
Irradiation on the Mechanical Properties of Some Metals. 
F. W. Kunz anp A. N. HoLpEN, Knolls Atomic Power Labora- 
tory.*—Single crystals of iron, lead, and zinc were irradiated 
at room temperature to a total flux of 10'§ nvt to determine the 
effect of neutron irradiation on the mechanical properties of 
these metals. The flow stress of the iron and zinc crystals as 
measured from load versus elongation curves was markedly 
increased after the neutron exposure. The flow stress of the 
lead crystals remained unchanged after irradiation. Irradiated 
iron crystals were annealed at temperatures ranging from 200°C 
to 500°C for times ranging from one to 10* minutes, following 


‘which they were tested in tension to determine the extent of 


recovery of the mechanical properties. The extent of recovery 
was determined by comparing the observed yield strength of 
the partially recovered crystals with the yield strength of 
crystals in both the irradiated and unirradiated condition. 
Using these data, an activation energy of 3.1 electron volts 
was determined from the slope of the line relating the natural 
logarithm of the recovery time to the reciprocal of the tempera- 
ture. The determined activation energy for recovery is equal to 
the activation energy for self-diffusion in iron. X-ray measure- 
ments of irradiated copper, brass, and magnesium and elastic 
constant measurements of irradiated copper and aluminum 
were also made. 


* Under contract with the U. S. Atomic Energy Commission. 

I5. Radiation Induced Changes in the Electrical Resis- 
tivity of a Brass.* 1). B. Rosensiarr,t Frankford Arsenal, 
R. SMOLUCHOWSKI, Carnegie Institute of Technology, AND G. J. 
Dienes, Brookhaven National Laboratory.—Nucleon irradiation 
of pure metals results in an increase of the electrical resistivity. 
In the case of certain order-disorder alloys (copper-gold system) 
decreases in resistivity upon irradiation have been observed 
and attributed to additional ordering. It has been pointed 
out that a decrease in resistivity may also occur though a 
change in Debye temperature caused by radiation induced 
changes in the elastic moduli.'? In an effort to separate these 
two ellects, experiments were performed on @ brass, which is 
presumably a random alloy. Samples of 10, 20, and 30 percent 
Zn content were irradiated at +50°C for one week in the 
Brookhaven reactor and the changes in resistivity measured 
at room, liquid nitrogen, and liquid helium temperatures. A 
decrease in resistivity was found at all these temperatures. 
The decrease in residual resistivity indicates that an interpre- 
tation based entirely on changes in the thermal part of the 
resistivity cannot be adequate. Annealing experiments will also 
be described which indicate that the resistivity is restored to 
the unirradiated value in the +170°C temperature range. 

* Work done under contract with the U. S. Atomic Energy Commission. 

t Guest Scientist at Brookhaven National Laboratory. 


1 R. Smoluchowski, Phys. Rev. 93, 392 (1954). 
2G. J. Dienes, Phys. Rev. 86, 228 (1952). 


16. Experimental Evidence for Melted Regions in Metal 
Crystals Resulting from Particle Bombardment.* J]. M. 
DENNEY, North American Aviation, Inc.—Theoretical consider- 





20 SESSION 


ations by Brinkman indicate the existence of ‘‘melted”’ regions 
(displacement spikes) in metals as a result of bombardment 
with energetic particles. In order to distinguish conclusively 
the effects due to these melted regions from other radiation 
defects in the metal lattices a highly specialized experiment is 
necessary. It is believed that such an experiment is afforded 
by use of a metastable alloy of iron in copper. In this alloy of 
2 4-weight percent iron in copper, aging at 700°C causes pre- 
cipitation of iron within the solid solution. This thermally- 
induced precipitate is paramagnetic and structurally metastable 
and transforms to the ferromagnetic form upon plastic defor- 
mation or particle bombardment. It 1s observed experimentally 
that the ferromagnetic precipitate is stable with respect to any 
further thermal or mechanical treatments except resolution in 
solid solution by heating above the two-phase region. Alloy 
samples with the precipitate in the ferromagnetic form were 
irradiated in the Crocker Laboratory 60-inch cyclotron at 
the University of California. The ferromagnetic precipitate 
was found to decrease at an initial rate of 4 percent per 
uw amp-hr/cm? of 9-Mev protons. It is felt that these results 
offer direct evidence in support of the displacement spike 
concept since, at present, it provides the only available ex- 
planation of the experimental results. 


* This paper is based on studies conducted for the U.S. Atomic Energy 


Commission. 


17. Shear Modulus of Irradiated Copper.* H. Dieckampe 
AND E. C. CRITTENDEN, JR., North American Aviation, Inc.— 
Polycrystalline copper wires of 99.999 percent purity have been 
irradiated at —175°C with 20-Mev deuterons to an integrated 
exposure of approximately 84 amp-hr/cm?. The recovery of the 
radiation-induced changes in the shear modulus has been 
observed at 25°C intervals throughout the temperature range 
of —196°C to +300°C. The annealing time at each tempera- 
ture was 15 minutes, and all the measurements were made at 
— 196°C. The recoverable changes indicate about a 1.5 percent 
decrease upon irradiation. About one-third of this change is 
removed after annealing at —125°C. Further annealing at 
—100°C and —75°C causes very little additional recovery. 
The final two-thirds is recovered steadily upon annealing be- 
tween —50°C and +100°C. The shape of the shear modulus 
vs annealing temperature curve suggests that the recovery 
at low temperatures occurs by the loss or rearrangement of 
dislocations until the remaining ones are pinned down by 
the radiation-induced interstitials and vacancies. Further re- 
covery is thus temporarily halted until these point defects 
move. The final portion of the recovery occurs when the inter- 
stitials move and annihilate vacancies, thus releasing the 
remaining dislocations to seek their desired configuration. 

* This paper is based on studies conducted for the U. S. Atomic Energy 
Commission. 


I8. Radiation Ordering by Cyclotron Particles.* C. E. 
Dixon AND D. B. Bowen, North American Aviation, Inc.-— 
Blewitt and Coltman! have shown the ordering process in 
CusAu can be accelerated by irradiation with pile neutrons. 
They attributed this effect to accelerated diffusion resulting 
from radiation-induced Frenkel defects. A similar experiment 
has been performed with cyclotron particles and the same 
effect was found. Ordered CusAu was irradiated with 36-Mev 
alpha particles at — 180°C, and the initial disordering rate was 
found to be 0.37 micro-ohm-cm/(s# amp-hr/cm?). If one as- 
sumes the volume disordered is proportional to the resistivity 
change, 4.5 percent of the alloy is disordered by 14 amp-hr/cm’. 
The disordering rate of an identical specimen irradiated at 


220°C with an average beam of luz amp/cm?® was found to be 
smaller by a factor of 6. The difference between these two rates 
must be due to ordering which occurs simultaneously with the 
disordering. The ordering rate observed at 220°C with the 
beam off could account for only 5 percent of the difference; 
hence, it is concluded that the vacancies created by the ir- 
radiation are responsible for the ordering. 


* This paper is based on studies conducted for the U. S. Atomic Energ 


Commission. 


1T. H. Blewitt and R. R. Coltman, Phys. Rev. 85, 385 (1952). 


I9. Interstitial Content of Radiation Damaged Metals 
from Precision X-ray Lattice Parameter Measurements. 
C. W. TucKER, JR., AND J. B. Sampson, Knolls Atomic Power 
Laboratory.*—An x-ray method for determining the inter- 
stitial content of irradiated metals is suggested and analyzed. 
This approach offers the following advantages: (a) the x-rays 
“see” mainly the interstitial atoms since their effect outweighs 
that of vacancies by a 5:1 ratio, (b) the interpretation is 
straightforward and may be made quantitative, and (c) the 
method is sensitive since 0.01 atomic percent, and perhaps 
less, of interstitials may be detected. These conclusions are 
based on a combination of theory and experiment. The theory 
is based upon an elasticity interpretation which predicts 
Vegard’s law and several other experimentally confirmed x-ray 
effects. It is important to relate changes in physical properties 
due to irradiation and subsequent annealing to changes in 
basic crystal The x-ray method promises to 
measure the concentration of one important defect with 
less ambiguity than other current methods (electrical resis- 
tivity is about equally affected by both interstitials and 
vacancies). The x-ray approach should therefore provide 
information of intrinsic interest and also help in interpreting 
observed changes in other physical properties. The possi- 
bilities of the x-ray method are born out by preliminary ob- 
servations in this Laboratory of x-ray detected lattice expan- 
sions of several neutron-irradiated metals. 


defects. 


* Operated by the General Electric Company for the U. S. Atomic Energy 
Commission. 


110. Dimensional Changes of Alpha Brass on Dezincifica- 
tion and Lattice Strain in Copper Introduced by Vacancies. 
Davip D. VAN Horn AND WILLIAM C. CooLey, Knolls Atomic 
Power Laboratories.*—Small wires of high-purity 70-30 brass 
were dezincified in vacuum at various temperatures and the 
dimensional changes were followed as a function of the amount 
of zinc removed. It is found that the length and the diameter 
changes are about the same, being linear functions of the 
amount of zinc removed, and it is further found that the rela- 
tionship between dimension change and zinc loss is inde- 
pendent of temperature. Starting with samples containing 
thirty percent by weight of zinc, it is found that AL/L 
=0.173AW/W, and AD/D=0.227AW/Wo. Since these rela- 
tions are temperature independent, it is reasonable to assume 
that all of the vacancies introduced by the diffusion of zinc 
out of the specimen remain within the material, ‘‘precipitating”’ 
out of the lattice to form the observed porosity. If one assumes 
that no net volume change takes place when the vacancies 
agglomerate, then it is calculated from the observed dimension 
changes that the lattice strain introduced by the vacancies 
is 0.15 times the fractional concentration of vacancies. This 
figure is in substantial agreement with results of Tucker and 
Sampson reported elsewhere at this meeting. 


* Under contract with the U.S. Atomic Energy Commi 
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THURSDAY EVENING AT 7:00 


Sheraton-Cadillac Hotel, Ballroom 


(H. A. BeTHE presiding) 


Banquet of the American Physical Society 


After-dinner speakers: E. 


F. Barker, W. F. Busse, AND CLARENCE ZENER 


FRIDAY MORNING Av 10:00 


Rackham Lecture Hall 


(J. A. HORNBECK presiding) 


Lecture by the 1954 Buckley Prize Winner 


K1. Surface Barrier Effects in Semiconductors. JoHN BARDEEN, University of Lllinois. (30 min.) 


Semiconductors, II; Contributed Papers 


K2. Properties of Zinc-, Copper-, and Platinum-Doped 
Germanium. W. C. Dun Lap, JR., General Electric Research 
Laboratory.—Hall effect and resistivity measurements be- 
tween 15°K and 400°K have been made on a number of sam- 
ples of germanium cut from ingots doped with high-purity 
zine,! copper, and platinum. All three were found to be high- 
energy acceptors. AE for zine was 0.029, for copper 0.037, and 
for platinum 0.04 ev. Studies were also made on copper- 
diffused specimens. The copper-doped specimens had the same 
ionization energy as thermally treated material.?*> A zinc 
content as high as 10'* atoms/cm‘, copper 10'*, and platinum 
5X10" was produced. The Hall and resistivity curves, below 
20°K, no longer followed the simple exponential dependence, 
but tended to become constant. This is not taken to indicate 
low-ionization energy states, but more probably results from 
extraneous effects. An unsuccessful search was made for ac- 
ceptor states in the upper half of the forbidden band.* How- 
ever, evidence for an impurity state in copper-diffused germa- 
nium lying at about the middle of the forbidden region® is 
discussed. 

1W. C. Dunlap, Jr., Phys. Rev. 85, 945 (1952). 

2W. DeSorbo and W. C. Dunlap, Jr., Phys. Rev. 83, 869 (1951). 

3F. J. Morin and J. P. Maita, Phys. Rev. 90, 337 (1953). 


4W. C. Dunlap, Jr., Phys. Rev. 91, 1282 (1953). 
5 Burton, Hull, Morin, and Severiens, j. Phys. Chem. 57, 853 (1953). 


K3. Some Properties of Germanium Doped with Iron or 
Cobalt. W. W. TyLer, H. H. Woopsury, AND R. NEWMAN, 
General Electric Research Laboratory.—Dunlap has shown that 
gold introduces acceptor levels in germanium at ~0.15 ev 
above the valence band and ~0.20 ev below the conduction 
band. Evidence that nickel and copper introduce impurity 
levels in germanium at ~0.25 ev above the valence band has 
been given by Burton et al. Recently, evidence has been ob- 
tained that iron and cobalt introduce deep levels in germanium, 
giving rise to properties in some respects similar to those re- 
ported for gold, copper, and nickel. Although the solid solu- 
bilities of iron and cobalt are low compared with copper 
and gold, samples of germanium doped with iron and cobalt 
have been prepared which show very high resistivities and high 
photosensitivity at liquid nitrogen temperatures. At room 
temperatures the principal observable effect of the iron or 
cobalt impurity is the reduction of life-time due to the intro- 
duction of recombination centers. Studies of pulse photo- 
conductivity at nitrogen temperatures indicate that cobalt- 


doped germanium samples show characteristic decay times of 
several milliseconds, whereas iron-doped samples show charac- 
teristic decay times as long as 30 seconds. There is evidence for 
several trapping levels in iron-doped germanium. Preliminary 
experiments at hydrogen and helium temperatures confirm the 
existence of thermal traps in iron-doped germanium and give 
rise to interesting nonequilibrium properties. 


K4. Photoconduction in Fe-, Co-, and Ni-Doped Ger- 
manium. R. NEWMAN AND W. W. TyLerR, General Electric 
Research Laboratory.—Iron, cobalt, and nickel introduce deep 
impurity levels in germanium (see preceding abstract). This 
paper reports some observations of the infrared photocon- 
ductivity for germanium samples doped with these impurities.’ 
The impurity photoconductive edge, defined as the point for 
which the response is ~10~ of the plateau value, is 0.20 ev for 
Ni (p-type), 0.25 ev for Co (p-type), and 0.30 ev for Fe 
(n-type). These are preliminary values. Quenching of the 
photoconductivity was observed. The quench effects appear 
only in samples which exhibit traps. 

' Burton, et al., J. Phys. Chem. 57, 853 (1953), quote some unpublished 
work of Briggs on the photoconductivity of nickel-doped germanium. 


KS. Thermal Ionization of Trapped Electrons. HERMANN 
GUMMEL AND MELVIN Lax, Syracuse University-—A com- 
parison is made between the Born and Born-Oppenheimer 
treatments of the ionization probability of an impurity- 
trapped electron in Si and Ge due to the thermal agitation of 
the lattice. For the interaction between the electron and the 
lattice the Bardeen-Shockley deformation potential is taken. 
In the Born approximation only one-phonon processes are 
possible. In the Born-Oppenheimer approximation a transi- 
tion from one electronic state to another results in a shift of 
the equilibrium positions of the normal coordinates; this shift 
makes multiphonon processes possible. The summation over 
all final lattice states including many-phonon processes is 
performed in closed form using a method previously presented.' 
The contribution of transitions involving » phonons may be 
obtained as the nth term in an expansion ii powers of a certain 
parameter whose size determines the importance of multi- 
phonon processes. This parameter is proportional to the square 
of the deformation potential interaction constant and to an 
averaged lattice vibration energy. If the temperature is low 
enough so that only one-phonon processes are important, the 
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Born and Born-Oppenheimer treatments give the same result, 
provided that the maximum phonon energy is larger than the 
ionization energy. 


Chem. Phys. 20, 1752 (1952). 


1M. Lax, J 


K6. Effective Carrier Mobility in Surface Well.* J. RopeRrT 
SCHRIEFFER, University of Illinois (introduced by John 
Bardeen).—Carriers held to a region near the surface by the 
potential well of a space-charge layer may have their mobility 
reduced by surface scattering, if the width of the well is less 
than a mean free path. An effective mobility, which may 
differ from the bulk mobility by as much as a factor of ten, 
has been obtained from a one-dimensional solution of Boltz- 
mann’s equation with random scattering assumed at the 
surface. Solutions have been obtained for two types of poten- 
tial functions: (1) a linear variation corresponding to a con- 
stant electric field, and (2) a solution of Poisson’s equation 
obtained by considering the carrier density much greater than 
the impurity density in the well. Results have been used to 
calculate changes in surface conductance of Ge with changes 
in surface potential for various impurity densities. 


* Supported by a Grant from Motorola, Inc. 


K7. Electron Traps on Germanium Surfaces Produced by 
Heating in Oxygen. Epwarp N. CLARKE, Sylvania Electric 
Products.—It has been suggested!” that localized energy levels 
or traps exist on the surface of germanium. However, there has 
been no detailed knowledge of the source of these traps. In 
the present work, the electrical conductivity of very thin 
single crystals is measured. Surface conductivity is produced 
by a method to be described. This surface conductivity is 


K AND L 


reduced by heating the germanium in the presence of oxygen. 
The surface conductivity is increased to its original value by 
heating the germanium in a vacuum of 107-7 mm Hg. The re- 
sults suggest that germanium surface traps are produced by 
heating a relatively clean surface in the presence of oxygen. 
The traps may be associated with adsorbed oxygen or with 
the lattice discontinuity existing at a germanium-to-germa- 
nium oxide interface. 


1 J. Bardeen, Phys. Rev. 71, 717 (1947). 
2W. H. Brattain and J. Bardeen, Be!) System Tech. J. 32, 1 (1953) 


K8. Growth of Long Lifetime Germanium Crystals. 
MiLton Becker, Hughes Aircraft Company.—A furnace has 
been developed which is capable of growing intrinsic crystals 
with lifetimes of several milliseconds. The basic feature is a 
water-cooled copper jacket which surrounds the seed holder 
and extends to within half an inch of the quartz crucible. The 
grown part of the crystal is quenched within half an hour of 
growth if a gaseous atmosphere is used. Draws made in vacuum 
are not efficiently quenched and show marked deviations 
from expected resistivities and lifetimes. These can be corre- 
lated with the length of time the crystal is heated in the course 
of the draw. Crystals made with various impurities show life- 
times which agree well with those reported by Burton.' We 
have used both zone melt and pig metal for starting charges 
and find no difference in final lifetimes. This seems to indicate 
the limiting values obtained are due to thermal rather than 
chemical causes. The atmospheres apparently act as heat 
exchangers with the cooling walls and also serve to suppress 
evaporation of impurities from the walls of the furnace. 


1J. A. Burton et al., J. Phys. Chem. 57, 102 (1953). 


FrmIpAY MorNING AT 10:00 


West Physics Lecture Room 


(C. S. BARRETT presiding) 


Metals, II 


L1. Anisotropic Debye-Waller Factors in Cubic Crystals. 
R. J. Wetss, J. J. DeMarco, anp G. WEREMCHUK, Ordnance 
Materials Research Office, AND J. HastinGs AND L. Cor.iss, 
Brookhaven National Laboratories —Neutron and x-ray diffrac- 
tion studies on a brass (70-30 f.c.c.) have revealed that the 
integrated intensities are reduced by a Debye-Waller tem- 
perature factor exp[—2B(sin@/d)*] where B is not only a func- 
tion of the characteristic temperature @ and the absolute 
temperature 7’, but also a function of crystal direction, con- 
trary to present theories. The effect is very marked in com- 
paring the 222 and 400 peaks both as to their relative intensi- 
ties and their change in intensity with temperature from liquid 
nitrogen to room temperatures. If one artificially invokes in 
the Debye-Waller expression a characteristic temperature 
dependent on crystalline direction, then a # of 380 for the 111 
direction a, a @ of 215 for the 100 direction is required to fit 
the data as compared to a 6 of 310 commonly expected from 
specific heat and elastic constants. The reduction in @ from 
310 to 215 for the 100 direction reduces the intensity of the 
400 peak by 40 percent. At present writing no theoretical ex- 
planation is available. 


L2. On a Peculiarity of the Electron Density Near an Im- 
purity in a Metal and its Effect on X-Ray Spectra. J. S. 
PLASKETT,* University of Virginia.—All the methods at 
present devised for finding wave functions in a metal in which 


there is an impurity atom present reduce to the problem of 
solving a Schrédinger equation in which the potential V(r) is 
constant beyond a certain distance a (~1 a.u.) from the im- 
purity and becomes infinite at a distance R(~10* a.u.) 
from the impurity (this is equivalent to having a zero boun- 
dary condition in this sphere). For r <a the external potential 
may for example be that of the impurity atom (Friedel, 1952), 
or the difference between the potential of the solute and solvent 
atoms (Huntington, 1942), or a constant (Mott, 1936; 
Huang, 1948). The self-consistent solution of this problem 
involves the calculation of the electron density in the poten- 
tial V(r) for a number of slightly different V(r)’s. It might 
be thought that, when the potential well V(r) is deepened so 
as to contain a bound state, the electron density might sud- 
denly increase. We prove that this is not true. The proof is 
by means of Gamow’s complex eigenvalues and we can see also 
that these eigenvalues will have an important effect on the 
fine structure of the x-ray spectra of a metal. The explanation 
of the fine structure in these terms is similar to Friedel’s 
(1952) explanation of the fine structure. 


* Part of a University of London Ph.D. thesis supported by a grant from 
the Department of Scientific and Industrial Research. 


L3. Elastic Spectrum of Copper from Temperature Scatter- 
ing of X-Rays.* E. H. Jacopsen, M.J.T.—Measurements 
have been made of the temperature diffuse scattering of x-rays 
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from a single crystal of copper at 300°K using crystal mono- 
chromated CuKa radiation. The measurements were analyzed 
by the method of Laval and James to give frequency vs wave 
vector curves for longitudinal and transverse waves in the 100, 
110, and 111 directions. These results were then expressed 
in terms of the force constants of the Born theory. By con- 
sidering the interaction of first, second, and third neighbors, 
nine force constants are involved, and these have been evalu- 
ated from the frequency curves. The values of these nine 
force constants constitute the necessary data for computing a 
complete frequency distribution curve. 


* Assisted by National Science Foundation and Armco Fc indation. 


L4. Change of Elastic Constants of Copper on Annealing 
after Plastic Deformation at 78°K.* E. C. CRITTENDEN, JR., 
U. S. Naval Postgraduate School, ANp H. Dieckamp, North 
American Aviation.—Twisting 0.010-in. polycrystalline wire 
of 99.999 percent purity copper at 77°K to a shear strain of 
0.5 produces a shear modulus decrease of 15 percent, measured 
at low frequency. Measuring the shear modulus at 77°K after 
15-min annealing periods at 25°K temperature intervals shows 
a rapid rise between 77°K and 150°K and a slower rise between 
220°K and 290°K. These regions are separated by a plateau 
and the second rise is followed by another plateau. The lower- 
ing of modulus on cold work probably results from small 
displacements of dislocations.! The annealing behavior sug- 
gests the presence of two types of imperfections able to form 
Cottrell atmospheres. On this model the rapid rise, 77°K to 
150°K, would be associated with clustering of imperfections 
near dislocations. The rise, 220°K to 290°K, may include 
clustering, near dislocations, of a second imperfection type. 
Yield points should be observed in these regions, and have been 
by Blewitt? after annealing at 78°N and 300°K. The plateaus 
may be regions of inactivity or may result from loss of im- 


perfections together with reduction of total dislocation length. 


* Supported in part by the U. S. Atomic Energy Commission. 
1A. D. N. Smith, Phil. Mag. 44, 433 (1953). 
2T. H. Blewitt, Phys. Rev. 91, 1115 (1953). 


LS. The Elastic Constants of Copper Alloys.* Joun R. 
NEIGHBOURST AND CHARLEs S. SMITH, Case Institute of Tech- 
nology.—The elastic constants of single crystals of dilute solu- 
rions of Al, Si, Zn, Ga, and Ge in Cu have been determined 
by the ultrasonic pulse method. Alloying causes a decrease 
in all the fundamental constants, Cy, (Ci:—Ci2)/2 and 
(Ci+2Cw)/3, the relative decrease in (Ci:—Ci2)/2 being the 
greatest. The changes in shear constants Cy and (Ci:— Ci2)/2 
have been interpreted in terms of the known electrostatic and 
ionic contributions to these constants for copper. The large 
decrease in (Ci:— Ci2)/2 is attributed to the change in ion-ion 
interactions upon alloying. The electrostatic shear stiffness 
of an alloy is found to be nearly equal to the electrostatic term 
for copper times the square of the electron atom ratio. 


* This work was supported by the U. S. Office of Naval Research. 
+ Now at Rensselaer Polytechnic Institute, Troy, New York. 


L6. X-Ray Measurements of Cold-Worked Alpha Brass.* 
E. P. WareEKots, M.I.T.—Filings of (90-10), (80-20), (70-30), 
and (65-35) brass pressed into briquets served as cold-worked 
samples. Peak shapes and shifts were measured with a Norelco 
spectrometer using filtered CoKa. Fourier coefficients were 
determined and instrumental broadening corrected by Stokes’ 
method. Log plots of the coefficients were used to separate 
particle size and distortion broadening; average particle size 
dimensions were L;; = 260, 175, 160, and 145A ; Lyo0= 150, 100, 
95, and 75A with increasing zinc content. Distortions corre- 
sponded to rms strains of the order of 0.007. Stacking fault 
probabilities for the (111) planes calculated from peak shifts 


indicate, on the average, one fault every 200 layers in the 
90-10 brass and every 57, 40, and 25 layers in the other brasses, 
respectively. These data indicate that in cold-worked brass 
there is both particle size and distortion broadening, but a 
major portion of the particle size broadening must be attributed 
to faulting. The susceptibility to faulting appears to increase 
as the composition approaches the boundary of the alpha 
phase. Data will be presented on the changes with annealing. 


* Research sponsored by the U. S. Atomic Energy Commission. 


L7. Internal Friction in Single Metal Crystals at Audio 
Frequencies.* T. R. CuykENDALL, T. BERESOvsKI,t AND H.S 
Sack, Cornell University—The internal friction in high- 
purity single crystals of Al, Cu, and Zn has been measured at 
1000 cps and lower and at temperatures up to 550°C in the 
case of Cu. Several crystals of each metal were studied. Lateral 
vibration of thin reeds, mounted on specially designed sup- 
ports, was employed. The amplitude of vibration could be 
varied by a factor of 100 and its approximate magnitude calcu- 
lated. Maximum strains were about 107%. The elastic losses 
observed are one order of magnitude greater than those ob- 
served by other investigators at 20-60 kc. The losses increase 
with increasing amplitude of vibration; the increase occurs 
both more steeply and at lower amplitudes as the tempera- 
ture is increased, and in the case of copper, approach a limiting 
value at high amplitudes. No definite variation with crystal 
orientation was found. The dependence on temperature for 
small amplitude can be represented by one activation energy 
of about 5 kcal for Zn, and by two activation energies of about 
1 and 10 kcal for Cu at low and high temperature, respectively. 


* This work was supported by U. S. Office of Naval Research. 
t Now with Pratt and Whitney Aircraft Division, Hartford, Connecticut. 


L8. Internal Friction Associated with Precipitation in an 
Al—Ag Alloy. A. C. DAMAsK* Anp A. S. Nowick,t Frankford 
Arsenal.—Internal friction and elastic aftereffect measure- 
ments have been made on wire specimens of an Al—Ag (20 
percent Ag) alloy at various stages in the precipitation process. 
A specimen quenched from the solid solution region and aged 
at 155°C shows an internal friction peak at 140°C for a vibra- 
tion frequency of 0.25 cps. The decrement at the maximum is 
0.02. This peak is unaffected by short anneals at successively 
higher temperatures up to 170°C. For successive anneals 
above this temperature, the peak first migrates toward higher 
temperatures while increasing in height, then returns toward 
lower temperatures with a decrease in height. During this 
migration the peak is not completely reversible with respect 
to heating and cooling. Upon further annealing, sufficient to 
carry precipitation almost to completion, the peak becomes 
stable again at 148°C. The activation energy associated with 
this internal friction peak is 25.0+0.5 kcal/mole. The relation 
between these observations and the mechanism of precipita- 
tion will be discussed. 


* Now at Iowa State College. 
+ Permanent address: Yale University, New Haven, Connecticut. 


L9. Thermoelectric Power and Resistivity of Dilute Cu — Si, 
Ni—Si, and Fe—Si Alloys.* C. A. Domenica AND F., A. 
Orter, The Franklin Institute Laboratories for Research and 
Development.—We have measured the thermoelectric power 
and resistivity of the dilute alloys Cu—Si, Ni—Si, and Fe—Si 
from —195°C to +500°C. The results for Cu—Si have al- 
ready been reported.! The Ni—Si alloys show a knick in the 
thermopower versus temperature curve at the Curie tempera- 
ture of each alloy. The Fe—Si alloys contain Si up to 2 atomic 
percent, and their thermopowers against pure copper are all 
positive from —195°C up to a temperature which increases 
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from +15°C for 2-atomic-percent Si to 250°C for pure Fe. 
The resistivity of the Ni—Si and Fe—Si alloys increases 
faster than linearly with temperature. The change in resis- 
«tivity with increasing Si content is much greater (factor of 2) 
in Fe—Si than in Ni—Si, but only slightly greater in Ni-—Si 
than in Cu-—Si. We are attempting to study electron scatter- 
ing in these alloys on the basis of their thermoelectric and 
resistance properties. 

* Supported by Squier Signal Laboratory, Fort Monmouth, New Jersey. 

1C. Domenicali and B. Boyd, Phys. Rev. 91, 220 (1953). 


L10. The 3a Transformation‘in Tin.* JEROME FLEEMAN, 
Brookhaven National Laboratory.—We have used a volume 
dilatometer to measure the rate of transformation of white to 
gray tin. The observations were made using tin cylinders of 
approximately 0.5 cc seeded with gray tin powder. In addition, 
we have compared these rates with the rates from similar 
tin samples irradiated in the Brookhaven pile at liquid nitrogen 
temperatures. Both of these rates are measured relative to the 
rate of transformation of an annealed tin capsule of approxi- 
mately the same dimension. The annealed sample showed 
no evidence of transformation in the time required to trans- 
form the seeded and irradiated samples. The growth curves of 
both seeded and irradiated tin are characterized by an initial 
nucleation period in which there is a small volume change; this 
is followed by a linear portion to the final value of the trans- 
formation. The growth process in both cases can be charac- 
terized by a zero-order reaction. We find that the curves differ 
in two respects. First, the nucleation period for the irradiated 
sample is greater than for the seeded sample, and secondly, 
the rate of transformation is less for the irradiated than for the 
seeded sample. Typical curves will be presented and discussed. 


* Work done under contract with the U.S. Atomic Energy Commission. 


Ll1l. The Change of Resistivity of Copper with Elastic 
Strain. D. B. Bowen AND H. Hort, North American Aviation, 
Inc.—The reversible change in electrical resistivity that 
occurs on elastic strain has been measured at selected tempera- 
tures from 4.2°K to room temperature. The specimens are 
copper foils strained in tension. The value of dInp/d Int 
measured at room temperature agrees with the value obtained 
by previous investigators and is approximately 3. Values 
measured below room temperature are up to twice as large. 
These large values at low temperatures imply that the prin- 
cipal effect of the strain is on the number of carriers rather than 
on the spectrum of lattice oscillations. Lattice imperfections 
introduce strains in the lattice that are reflected in the resis- 
tivity changes. These preliminary data indicate that these 
strains increase as the temperature is increased. This may be 
due to an anisotropy of thermal expansion around the defect. 
This paper is based on studies conducted for the Atomic 
Energy Commission. 


L12. The Electrical Resistivity of Cold-Worked Aluminum 
Single Crystals.* A. Sostn AND J. S. KOEHLER, University of 
Illinois.—High-purity (99.99+ percent) single crystals of 
aluminum have been pulled in tension in liquid nitrogen and 
helium baths. The electrical resistivity after deformation was 
measured as a function of direction and the behavior of the 
resistivity and stress-strain curves following annealing ex- 


amined. Within the experimental error, the resistivity be- 
havior can be described as follows: at liquid helium tempera- 
ture the resistivity changes are isotropic. For 15 percent ex- 
tension the increase was about 8 X 10~* ohm-cm. On annealing 
to liquid nitrogen overnight, approximately 10 percent of the 
resistivity change recovers isotropically; on annealing to 
room temperature overnight, approximately 65 percent of the 
total resistivity change recovers isotropically, leaving a 
“permanent” 25 percent. The stress-strain curve for a speci- 
men pulled in helium is linear in the range investigated. On 
annealing to room temperature no softening occurs and an 
upper yield point is developed. The resistivity remains 
constant until plastic flow starts again, rising sharply. The 
resistivity changes for a crystal strained in nitrogen are iso- 
tropic, with a single anneal of about 65 percent on warming to 
room temperature. 


* Supported by the U. S. Office of Ordnance Research and by the U. S. 
Office of Naval Research. 


L13. The Effective Mass of Conduction Electrons in Ag, Au, 
and Cu.* L. G. Scuutz, University of Chicago.—The effective 
mass m* of conduction electrons in Ag, Au, and Cu was de- 
termined by optical methods. In the wavelength range of Iu 
to 2u the optical constants m and k were obtained from meas- 
urements of the reflectivity and transmissivity of thin films 
formed by evaporation and deposition in a vacuum. The ex- 
perimental values of m and k& thus obtained were found to 
agree with the values predicted by the Drude free electron 
theory.! To obtain this agreement the ratio m*/m (m is the 
free mass) was taken equal to unity for Ag and Au, and to 
1.45 for Cu. In these calculations it was assumed that the 
density of the conduction electrons was equal to the atomic 
density. Reflectivity experiments lead to lower values of & 
than those given by transmission experiments, a result which 
can be explained as a consequence of the anomalous skin 
effect.? Possibilities and limitations of the optical method will 
be presented. 

* Supported in part by U. S. Air Force. 

1F. Seitz, The Modern Theory of Solids (McGraw-Hill Book Company, 


Inc., New York, 1940), chapter 17. 
£ E. H. Sondheimer, Adv. in Phys. 1, 1 (1952) 


L14. The Hall Effect of the Palladium-Silver Alloy System. 
A. I. ScutnpDLerR, Naval Research Laboratory.—Recently, a 
comparison of the electric, magnetic, and thermoelectric 
properties of the Cu— Ni and Pd—<Ag alloy systems has been 
made.! Although the Pd— Ag alloy system follows theory rela- 
tively well, the Cu— Ni system shows well-marked and con- 
sistent deviations. The Hall constants of the Cu— Ni system 
are available,? but no such data exists for the Pd — Ag system. 
Consequently, the Hall constants of several alloys of Pd and 
Ag were measured at room temperature. The absolute value 
of the Hall constant rises slowly as Pd is added to Ag, reaches 
a maximum at roughly 50 percent Pd and then falls approxi- 
mately linearly as the alloy composition approaches pure Pd. 
The Hall constant versus composition curve is asymmetric 
with composition and is very similar in appearance to the 
resistivity versus composition curve for the same alloy system. 
These results will be discussed and compared with the Hall 
data previously obtained on the Cu—Ni alloy system. 


1B. R. Coles, Proc. Phys. Soc. (London) 65, 221 (1952). 
2A. I. Schindler and E. M. Pugh, Phys. Rev. 89, 295 (1953). 
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M1. A General Method for High-Speed Machine Computa- 
tion of Ideal Gas Thermal Properties. The Isotopic Water 
Molecules. ABRAHAM S. FRIEDMAN AND LEsTER HAAr, 
National Bureau of Standards.—A procedure is developed for 
the machine computation of the partition functions for non- 
rigidly rotating anharmonic oscillators. Vibrational-roiational 
coupling terms and low-temperature rotational corrections 
are included. A general code has been designed to permit the 
calculation of the ideal gas thermodynamic functions for a 
large variety of molecular structures on the National Bureau 
of Standards digital computor—SEAC. The method is il- 
lustrated by evaluating the thermodynamic functions for an 
asymmetric top molecule. Tables of C,°/R, (4°—E,°)/RT, 
(E.°— F*)/RT, and S°/R have been evaluated for HO, HDO, 
D.0, HTO, DTO, and T.O at close intervals from 50° to 
5000°K. The time required for these computations is of the 
order of several minutes per molecule. The results for H2O are 
in good agreement with those obtained by direct summation.' 


1 Glatt, Adams, and Johnston, O. S. U. Tech. Report No. 316-8 (1953). 


M2. Intensities, Electronic Transition Moments, and 
Vibrational Transition Probabilities of Diatomic Molecules.* 
R. W. NicHoiis, P. A. Fraser, R. G. TuRNER, AND W. R. 
JARMAIN, University of Western Ontario.—Methods have been 
developed which enable accurately calculated values of over- 
lap integrals {y..dr of diatomic molecular vibrational wave 
functions! to be used together with experimentally determined 
band intensities to determine the form of the electronic transi- 
tion moment R,(r) of the electronic transition concerned. 
Vibrational transition probabilities | fy.-RwW.-dr|? in which 
the conventional simplifying assumption that R,(r) is inde- 
pendent of r has not been made, have thereby been determined 
for a number of transitions. Reliable values of such vibrational 
transition probabilities for molecular band systems are of 
great importance in the interpretation of spectra from in- 
accessible sources, usually of astrophysical interest.? Results 
so far obtained from band systems of Ne, C2, and CN will be 
presented. 

* This work is supported by contract with The Air Force Cambridge 
Research Center. 

1 Nicholls, Fraser, and Jarmain, Can J. Phys. 31, 1019 (1953); Jarmain, 
Fraser, and Nicholls, Astrophys. J. 118, 228 (1935); P. A. Fraser and W. R. 
Jarmain, Proc. Phys. Soc. (London) A66, 1145, (1953); W. R. Jarmain and 
P. A. Fraser, Proc. Phys. Soc. (London) A66, 1153 (1953). 


2J. A. Hyneck, editor; P. Swings, ‘“‘Molecular Spectra in Cosmic 
Sources,"” Chapter 4 of Astrophysics (McGraw-Hill Book Company, Inc., 
1). 


M3. Configuration Interaction Applied to the Hydrogen 
Molecule.* Eart CAtLten, M.1.T.—The electronic wave 
function for the hydrogen molecule has been described as a 
sum of three configurations, each of which is expressed in terms 
of one-electron symmetry orbitals, which are written as varia- 
tional functions of the elliptic coordinates. To a state due to 
Coulson,! made up of orbitals which are individually even 
under inversion, we first added an odd-odd state, thus im- 
proving the predicted binding energy from 3.535 ev to 4.125 ev. 
The addition of a third state, of a somewhat different nature, 
increases the binding energy to 4.276 ev. The experimentally 
observed binding energy is 4.72 ev. The role of the several 
configurations is explained in terms of the concept of spatial 


correlation, following the work of Lennard-Jones and co- 
workers.” 


* This work has been,supported by the U. S. Office of Naval Research. 
1C. A. Coulson, Proc. Cambridge Phil. Soc. 34, 204 (1938). 


2]. E. Lennard-Jones and J. A. Pople, Discussions Faraday Soc. No. 10 
9 (1951). 


M4. The 2.7u Bands of CO... W. L. FRANcE ANp F. P. 
Dickey, Ohio State University.-The absorption spectra due to 
the CO, bands (02°1) and (101) in the 2.74 region have been 
remeasured using a high-resolution prism grating spectrometer. 
A 15 000 lines per inch echelette grating ruled by Bausch and 
Lomb and a lead sulfide photoconductive detector were used 
in the spectrometer. The spectrometer was first evacuated and 
then dried COz was introduced into it. The pressure of the 
COz was 5 mm of Hg and the length of the absorbing path 
was approximately 7 meters. All of the lines in the band (02°1) 
from P(62) to R(66) have been identified and measured, and 
all of the lines in the band (101) from P(62) to R(66) have 
been identified and measured. Values of the band centers and 
the rotational constants have been determined. 


MS. The Absorption Spectra of Water Vapor in the 2.7 u 
and 6.0u Regions.* F. W. Darcey, H. H. NIELSEN, AND F. P. 
Dickey, Ohio State University—The absorption spectra of 
water vapour has been obtained in the regions 2.74 and 6.0u 
with the new Ohio State vacuum spectrometer. In the region 
of 2.74 a Bausch and Lomb 15 000 lines per inch grating and a 
lead sulfide photoconductor detector were employed. With the 
air pressure in the spectrometer reduced to a few millimeters, 
resolutions of better than 0.1 cm were achieved. Using a 
Bausch and Lomb 4500 lines per inch grating, a thermo- 
couple detector, and similar pressures led to resolutions of 
better than 0.2 cm™ in the 6.04 region. The substantial im- 
provement in resolution, which resulted largely from the 
reduction of pressure broadening, leads to some revision in the 
molecular constants of the water molecule. Detailed reproduc- 
tions will be presented and discussed. 


* This work was assisted by the U. S. Office of Naval Research. 


M6. The Infrared Spectrum of Hydrogen Sulfide in the 
5100 cm~! Region. Harry C. ALLEN, JR.,* Harvard University, 
AND EARLE K. PLYLER, National Bureau of Standards. 
The absorption of hydrogen sulfide in the region near 2u has 
been measured under high resolution. The rotational fine struc- 
ture has been analyzed with the use of published energy tables 
for the rigid rotor. A classical centrifugal distortion correction 
was applied to the rigid rotor energy levels. The absorption 
can be accounted for by three bands plus overlapping water 
vapor absorption. The three bands are the (2,3) = (1,0,1) 
at 5147.36 cm™, the (0,2,1) at 4939.23 cm™ and the lower 
component of the resonating pair (2,0,0) and (0,0,2) at 5145.12 
cm~, The excited state inertial parameters in cm giving the 
best fits are 

A* B* ce 
10.076 8.709 4.608 


10.059 8.719 4.612 
10.871 9.332 4.562 


With the location of the (0,2,1) band it is possible to place the 
(0,0,1) band at 2628 cm™. 


* U.S. Atomic Energy Commission Postdoctoral Fellow. Present address. 
Michigan State College. 
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M7. The Effect of Foreign Gas Broadening on the Total 
Absorption by the 6.34 Band of Water Vapor. D. E. Burcu, 
J. N. Howarp, AND DupLey WILLIAMS, The Ohio State Uni- 
versity.*—The total absorption of the 6.3 micron band of water 
vapor has been measured with a low-resolution spectrometer 
and a 22 meter, multiple-traversal absorption cell. Water 
vapor concentrations between 0.02 and 16 precipitable cen- 
timeters in the absorption path have been studied. In addition, 
the water-vapor band was pressure-broadened with nitrogen 
to various total pressures up to atmospheric pressure. With 
this apparatus, the absorption path length, the partial pressure 
of the absorbing gas, and the total pressure can be varied 
independently, and the effects of self-broadening and foreign 
gas broadening can be separately evaluated. Temperature 
wes not varied in this study. Empirical re'ationships have 
been fitted to these data in order to permit the calculation of 
the total absorption by the 6.3 micron water vapor band for 
many problems of meterological interest. 


* Work supported by Air Force Cambridge Research Center. 


M8. Generalized Absorption Coefficients of Water Vapor.* 
Haro_tp Daw.—The Pfund-type absorption celi of the ONR 
project at Johns Hopkins University is being used to study 
dependence of water vapor absorption on both the amount of 
absorber and the total pressure (produced by N2). The optical 
path is 625 feet. In contrast with former work with that cell 
the author is using low dispersion (a Perkin-Elmer spectrometer 
with KBr and NaCl prisms) in order to get averaged absorp- 
tion coefficients leading to generalized transmission functions. 
Pressures range up to 64 cm Hg; water vapor ranges from 0.004 
to 0.064 precipitable cm. It was necessary to develop a special 
analysis for water vapor in the tube since water vapor in 
oil-pumped dry nitrogen gas and water adsorbed within the 
tube introduce significant errors if one simply uses liquid 
water added. Progress to date will be reported. 

* This work is carried out under Air Force Cambridge Research Center 


contract. The cooperation of Professor John Strong and his U. S. Office 
of Naval Research contract is acknowledged and appreciated. 


M9. Shape of Collision-Broadened Spectral Lines, E. P. 
Gross,* M.J.7.—Van Vleck and Weisskopf and Fréhlich have 
derived a microwave line-shape by studying the interruption 
by collisions of the motion of a classical oscillator. They assume 
that after the instantaneous impact the oscillator variables are 
distributed according to a Boltzmann distribution appropriate 
to the value of the applied field at collision. In contrast to the 
earlier theory of Lorentz, they obtain the correct static polar- 
ization. The procedure involves an assumption of very large 
velocity during collision. This is unreasonable since the dura- 
tion of collision is short compared to the resonant period and 
energy exchanges are of the order of RT. We have derived a 
line-shape formula assuming that the oscillator velocities have 
a Maxwellian distribution after impact but that the positions 
are unchanged. For collision frequency much less than the 
resonant frequency, the polarization is reached as a result of 
kinematic motion between collisions and the line-shapes agree. 
For collision frequency comparable to resonant frequency a 
less distorted line-shape results. Correct static polarization is 
obtained ; for zero resonant frequency we obtain the behavior 
of free particles. For testing the theories experiments on 
foreign-gas broadening in the microwave region at pressures 
of the order of an atmosphere are required. 

* Present address: Physics Department, Syracuse University, Syracuse, 
New York. 


M10. The Role of the Principal Quantum Number (n) 
in the Calculations of Radii for the Ions with High (4, 5, 6, 7) 
Valence.* N. Erremov, 1061 Intervale Ave., New York, 
New York.—The proposed periodic system of ions may be 
used as a system of coordinates in which each ion has its own 


ordinate (principal quantum number) and abscissa K. 
Abscissas K may be derived from ordinates m by means of the 
following equations: K=n+8, K=n-+9, etc. The K value of an 
ion increases by 1, when its atomic number is decreased by 1. 
The F7-ion which has the smallest ionic radius is the primary 
ion, and its K(F7)=n+8, while K (0%) =n-+9. Let us consider 
the ordinates and abscissas for the first quadruple group of 
high-valence ions belonging to the He period: C— N—-O-—F. 
Ions: . c N Oo F 
Valence: 4 5 6 7 
Ordinate (): 1 1 1 1 
Abscissa (K): (n+11) (2 4-10) (n +9) (n+ 
Abscissa (K): 12 11 10 


8) 


The general formula for the calculation of ionic radius of any 
element (X) of this quadruple groups is the following: R;(X) 
=/n(n+Y)/P, where X is the given ion, Y=8, 9, 10, or 11, 
and P=0.014692369A, e.g. Ri(F7) = /1(1+8)/P=9P =0.13A; 
R, (Cl) = /2(2+8)/P =20P =0.29A. 


* Paper given at the September 1953 meeting of the American Physical 
Society in Albuquerque, New Mexico. 


M11. The Cooling of a Gas by Radiation.* Ernest BAUER, 
New York University AnD Ta-You Wu, National Research 
Council, Canada.—We consider a gas composed of atoms hav- 
ing two electronic states. Transitions between these two states 
can take place by collisions, and by emission or absorption 
of radiation. When the radiative transition probabilities are 
small compared with those due to collisions, a ‘‘temperature”’ 
may be defined for the translational motion. We formulate the 
general problem for the case where the total concentration of 
the gas depends on the space coordinates (altitude) in a given 
way, and the possibility of the “imprisonment” of the radia- 
tion emitted is taken into account. In this case the problem 
leads to a pair of coupled integro-differential equations, from 
which the “temperature’”’ and the relative concentration of 
atoms in the excited states are obtained as functions of space 
and time. Neglecting the imprisonment of the resonance radia- 
tion and the variation of concentration with height, we have 
made calculations for the case when the energy difference 
between the two states is of the order kT, for a number of 
values of the ratio between radiative and collisional transition 
probabilities. The results are applied to the cooling of the 
atmospheric gas at high altitudes (100 Km) at night, as a 
result of the magnetic dipole transitions of the oxygen atom. 

* This work was supported in part by Contract with the United States 
Air Force through sponsorship of the Geophysics Research Directorate of 


the Air Force Cambridge Research Center, Air Research and Development 
Command. 


M12. Note on the Theory of Directed Valence. Ta-You Wu, 
National Research Council, Canada.—The recent observation 
by Zimmerman and Rysselberghe! and by Linnett and Pée? 
that the wave functions of the free atoms when put in the 
determinant form exhibit the directional property of valence 
has been examined. It is shown that whatever directional 
properties the ¥ of the free atoms may have, a consistent 
theory of directed valence cannot be based on them, for the 
following reasons: (1) As long as one works on the Heitler- 
Londer theory of electron-pair bonds and the criterion of 
maximum overlap for the stability of a bond, one must work 
with wave functions antisymmetrized in the electrons of the 
atoms forming a bond, but not of the free atom alone. (2) 
It is not possible in general to associate the directional property 
of valence with the wave function of a particular state of the 
free atom. (3) Even if a particular state of the free atom con- 
tributes predominantly to the valence state, the fact that that 
state is degenerate must be taken into account. The nature of 
the assumption of hybridization in the Slater-Pauling theory 
is clarified and emphasized. 


1H. K. Zimmerman and P. Rysselberghe, J. Chem. Phys. 17, 598 (1949). 
2J. W. Linnett and J. Pée, Trans. Faraday Soc. 47, 1033 (1951). 
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FRIDAY MORNING AT 10:00 


130 Business Administration 


(R. S. MARVIN presiding) 


Symposium of the Division of High-Polymer Physics 


The Properties of Amorphous Polymers in Bulk 


Ol. Introductory Remarks. R.S. Marvin, National Bureau of Standards. (10 min.) 
O02. The Nature of the Liquid and Glassy States. W. D. KauzMan, Princeton University. (40 min.) 
O3. The Effect of Structural Variables on the Specific Volume and Glass Temperature. T. G. Fox, 


Rohm & Haas Company. (20 min.) 


04. Some Physical Properties of Polymeric Glasses. R. F. 


(30 min.) 


Boyer, Dow Chemical Company. 


O5. The Mechanics of the Molecular Motion in Bulk Polymers. F. Burcur, Rohm & Haas Com- 


pany. (40 min.) 


FRIDAY AFTERNOON AT 2:00 


130 Business Administration 


(R. S. MARVIN AND R. F. Boyer presiding) 


Symposium on Amorphous Polymers (continued) 


Pl. A Theory of Viscoelastic Behavior. W. G. HAMMERLE, Textile Research Institute (40 min.) 
P2. The Dynamic Properties of High Polymers. E. A. W. Horr, Imperial Chemical Industries. 


(30 min.) 


Invited Paper 


P3. Rotation of Chain Molecules in Crystals. J. D. HorrmMan, National Bureau of Standards. (30 


min.) 


Contributed Papers 


P4, Experimental Investigation of the Statistical Theory of 
Rubber Elasticity.* F. P. BaLpwin,f J. Ivory, AND R. L. 
AntuHony, University of Notre Dame.—A careful experimental 
study of the dependence of stress upon temperature, for ex- 
tensions ranging from 0 to 15 percent, was made for two rub- 
bers, GR-I-18 and Paracril-35. Four-inch specimens, cut from 
standard tensile sheets, were stretched to various constant 
lengths at the highest temperature to be employed, and the 
stress permitted to relax at that temperature until a semi- 
equilibrium condition was reached. The temperature was then 
lowered in steps, and the dependence of stress upon tempera- 
ture observed. Stretched specimen lengths were held constant 
to +0.05 percent, both during the initial relaxation period 
and also during the stress-temperature run. In agreement with 
the predictions of the James-Guth theory, the stress-tempera- 
ture characteristics were observed to be curved, and not 
linear. The predicted shift in the thermoelastic inversion ex- 
tension with temperature was also observed. The experimental 
equipment will be described. 

* Supported in part by U. S. Office of Naval Research, and by the United 


States Rubber Company. 
+ Now at Esso Laboratories, Linden, New Jersey. 


P5. Energy Requirements of Mechanical Shear Degrada- 
tion in Concentrated Polymer Solutions. A. B. BesruL, 
National Bureau of Standards.—Molecular weight decrease by 
mechanical shearing results when solutions of around 10 per- 
cent of polyisobutenes having average molecular weights 


above 500 000 are forced through a capillary at nominal rates 
of shear above 10 000 sec™!. Comparison of observed plots of 
shear load versus duration of shearing during this degradation 
process with the corresponding estimated plots which would be 
expected to obtain if degradation did not occur provide a 
means of evaluating the amount of applied shearing energy 
which is used up by the degradation process. The result is 
several hundred thousand kilocalories per mole of broken 
bonds, which is several thousand times the bond energy of 
carbon-carbon bonds. This finding is explained by the hy- 
pothesis that whenever a bond breaks the system loses much 
of the energy temporarily stored as potential energy in bonds 
located in a comparatively large volume surrounding the 
broken bond; these bonds having been involved in concentrat- 
ing the required activation energy into the ruptured bond. 


P6. Concentration Dependence of Mechanical Shear De- 
gradation. P. GoopMANn,* National Bureau of Standards. 
The rates of mechanical shear degradation of polyisobutene in 
cetane solutions have been studied for 3 and 20 percent solu- 
tions at various rates of shear. The data show that the rate 
constant for degradation in‘solutions of 5-20 percent concen- 
tration is independent of concentration at a fixed rate of shear 
energy input. The slope of the straight line relating the loga- 
rithm of the rate constant to the reciprocal of the rate of shear 
energy application decreases markedly in absolute value in 
the concentration range 5-3 percent and this decrease is 
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thought to be the result of a decreased efficiency of the inter- 
molecular entanglements in temporarily concentrating me- 
chanical energy in the less concentrated solution. 


* Present address: Naval Powder Factory, Indian Head, Maryland. 


P7. Analysis of Reduced Viscosity Equations. WILFRIED 
HELLER, Wayne University.—A detailed analysis of the various 
existing interrelated reduced viscosity equations is carried out 
using suitable data. Reliable graphical extrapolations of [n] 
are possible only with the commonly used equation (1): 
nep/C=(n]+Kilm}et+-:: or with the new equation (2): 
¢/nsp=1/[n]—Kic—which is the function of the preceding 
infinite series—if combined with the corresponding auxiliary 
equations (la): Innra/ec=[n]—K2[m]}e and (2a): ¢/Inqra 
= 1/[m]+K:c, respectively. An advantage of (2) is the hereto- 
fore impossible direct graphical determination of the limiting 
value of k; by means of d(c/ns,)/dc=f(c). The number of sig- 
nificant figures obtained from a graphical extrapolation to [y] 
from either pair of equations can be increased, in the unfavor- 
able case of good solvents, by plotting the apparent intercepts 
as a function of concentration. No truly satisfactory equation 
exists for the reproduction of data over a wide concentration 
range (Ac>5 g/100 ml) and none can be expected. The best 
approximations are generally obtained with a binomial expres- 
sion of the form (3): nra=(1+K4c)* (Baker). Less suitable, 
but often acceptable is the exponential expression (4): 
nsp/¢=[m]eXs* (Staudinger-Martin). The logarithmic form 
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of either allows the best graphical representation of data over 
a wide concentration range excepting ¢c<2 g/100 ml. The 
generally rapid increase or decrease in slope towards c—0 


excludes its use for extrapolations to [7]. 


P8. The Infrared Spectrum of Polyethylene. S. Krimm, 
University of Michigan.—Previous studies on paraffins' and 
polarized studies on single crystals of m-paraffins? indicate that 
the splitting of the 725 cm™' and 1460 cm"! bands in poly- 
ethylene is due to interactions between neighboring chains 
in the crystalline phase. This is substantiated by present 
results on solid solutions of a n-paraftin, CesHiso, in a deutero 
paraffin: a single band at 725 cm™ in the dilute solution 
splits, as the concentration is increased, finally into com- 
ponents at 721 cm! and 731 cm \ssignments of poly- 
ethylene bands in the 1300-1375 cm™'! region are clarified by 
the solid solution spectra as well as by studies on melted para- 
fins. Solid Ce6,H i309 has only a single band at 1375 cm™!. When 
melted, bands appear at 1363, 1350, and 1300 cm™'. As the 
temperature is increased the 1375 cm! band diminishes in 
intensity. These results, plus the relative decrease in intensity 
at 1375 cm™ in the solid solutions, with an 
assignment of the 1300, 1350, 1363, and most of the 1375 em™ 


are consistent 


bands to CH» wagging modes in disordered and ordered phases 
of polyethylene. 


1R.S. Stein and G. B. B. M. Sutherland, J. Chem. Phys. 21, 370 (1953) 


2S. Krimm, J. Chem. Phys. (to be published 


FRIDAY AFTERNOON AT 2:00 


West Physics Lecture Room 


(H. A. 


BETHE presiding ) 


Invited Papers 
Q1. Early Days of Infrared Spectroscopy at the University of Michigan. H. M. RaNpatt, Univer- 


sity of Michigan. (30 min.) 


Q2. Design of a Precision Experiment on the Gyromagnetic Ratio of the Free Electron. H. R. 


CRANE, University of Michigan. (30 min.) 


Q3. Solid State at Low Temperatures: A Survey of the 1953 International Congress on Low Tem- 
perature-Physics. C. F. Squire, Rice Institute. (30 min.) 
Q4. Infrared Analysis of the Structure of Large Molecules. G. B. B. M. SurHeRLAND, University 


of Michigan. (30 min.) 


Q5. Structure and Function in Molecular Biophysics. Cyrus LEvINTHAL, University of Michigan. 


(30 min.) 


FRIDAY AFTERNOON AT 2:00 


Rackham Lecture Hall 


(H. M. JAMes presiding) 


Semiconductors, III 


R1. Graphical Representation of the Semiconductor Hall 


Effect. L. P. Hunter, International Business Machines 
Corporation.—W. C. Dunlap' has given a graphical repre- 
sentation of the semiconductor Hall effect in terms of an 
ellipse relating the Hall mobility and resistivity at constant 
temperature. Various uses and extensions of this representa- 
tion will be given which serve to correlate the important 
features of the Hall effect in semiconductors. The constant 
temperature limitation is removed and the effects of excess 
current carrier lifetime and the nonequality of the Hall and 


drift mobility ratios will be discussed. The question of de- 
termining the intrinsic activation energy of a semiconductor 
with a high-mobility ratio, from Hall coefficient measurements 
raises special problems which will be used to illustrate the 
application of this analysis. 

'W.C. Dunlap, Phys. Rev. 79, 286 (1950). 


R2. Hall Effect and Thermoelectric Power of Pure Tel- 
lurium at the Melting Point and in the Liquid State.* A. 
EpsTEIN AND H. Fritzscur, Purdue University.—At the melt- 
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ig point, the thermoelectric power Q and the Hall etfect R of 
spectroscopically pure tellurium show a discontinuous drop at 
the solid-liquid transition indicating an increase in carrier con- 
centration. Depending on the crystal orientation of the solidified 
material, Q ranges between +100 and +260 microvolts 

degree and R between +0.2 and +0.4 cm*/coulomb in the 
solid at the melting point, in the liquid the values are +9 
and +0.02 cm‘/coulomb, respectively 

Both quantities continue to decrease with increasing tempera- 
ture in the liquid and become negative in the temperature 
range between 575°C and 625°C. 


microvolts/degree 


* Supported by Signal Corps contract. 


R3. Resistivity, Thermoelectric Power, and Hall Effect in 
a Semiconductor with Hexagonal Structure.* V. A. Jounson, 
Purdue University.—In an anisotropic semiconductor, elec- 
tron and hole masses are dyadics, and it follows that other 
quantities, including the mobility and Thomson coefficient, 
are also dyadics. For hexagonal structure, such as that of 
tellurium, this leads to a thermoelectric power Q=Q), cos*é 
+Q, sin’é, where @ is the angle between c axis and temperature 
gradient (p denotes parallel, m normal to ¢ axis). In the im- 
purity range, 0, =Q, and thermoelectric power is independent 
of direction of temperature gradient. In the intrinsic range, a 
difference between Q, and Q, arises if m,/m, has different 
values for electrons and holes. For the Hall coefficient, RK, = R, 
in the impurity range, but the values differ in the intrinsic 
range if (m,/m,)~-#(m,/m,)n. It has been found for the in- 
trinsic range that 2! R,/R,| =1+]|Q,/Q,|. The resistivity in 
the impurity range is dependent on orientation according to 
pn/pp=m,/m,. The corresponding resistivity ratio in the 
intrinsic range depends on the relative values of (m,/m,), and 
(m,/m,)n, as do the relations between p and R, and p and Q, 
in the intrinsic range. 

* Work assisted by Signal Corps contract 

R4. Infrared Absorption of Tellurium.* R. S. CALDWELL 
AND H. Y. Fan, Purdue University—Infrared absorption in 
single crystals of tellurium was investigated with polarized 
light from 4 to 25 microns. For both directions of polarization 
a small band was observed at 24.5 microns, apparently a lattice 
band. With the electric vector perpendicular to the C axis the 
absorption increased smoothly with wavelength, whereas for 
the electric vector parallel to the C axis a sharp band with a 
peak at about 11 microns was observed; with decreasing tem- 
perature this peak shifts to shorter wavelengths. In the im- 
purity range, where all samples are p type, this band in differ- 
ent samples increased with the hole concentration. The oscil- 
lator strength based on the hole concentration is close to one. 
When the temperature is raised into the intrinsic range this 
band increased. These observations indicate that this band is 
due to holes in the valence band, similar to the band structure 
in p-type germanium. The fact that this absorption is ob- 
served only with electric vector parallel to the C axis gives 
some insight into the wave functions of the overlapping bands. 
No additional bands were observed in the intrinsic range, 
which might be ascribed to the conduction electrons. 


* Work supported by a Signal Corps contract 


RS. Metal-Insulator-Metal Junction. G. H. Suits, Uni- 
versity of Michigan (introduced by E. Katz).—A present 
theory of solid rectifiers is based upon the idea that a high- 
resistance barrier layer is formed at the metal-semiconductor 
surface. The rest of the semiconductor plays the role of an 
ordinary conductor. The solution of the ditfusion equation for 
this model predicts a rectifying chtracteristic. Approximate 
solutions of the diffusion equation for the metal-insulator- 
metal junction have also predicted a rectifying characteristic. 
So far, no conclusive experiments have been done which ade- 
quately test these predictions for the metal-insulator-metal 


junction. This paper presents the exact solution of the diffu 
sion equation for the metal-insulator-metal junction where 
trapping of charge carriers may occur, and a description of the 
present experimental limitations preventing the construction 
of suitable test junctions by the vacuum evaporation technique. 


Ro. The Transient Response of P —N Junction Rectifiers.* 
B. R. Gossick, Purdue University —The rise time Tp and 
delay time 7p have been derived using the ac admittance! as: 
oe Lpstp tI net n 
T'p=T(%) += *— 

2([ ps +Ins) 

Lat tTnetn'] | 4 (2) 
aay vee f . - 
A(T petIns) JD 

T (vo) denotes the RC time constant of the barrier with bias 
voltage vo. It may be seen by (1) and (2) that the saturation 
currents Jp, and J,, lead to the appropriate determination of 
the average effect of the lifetimes +, and r,. Current versus 
barrier voltage characteristic curves which were measured 
using the post injection barrier emf* are presented. 


(1) 


Tr =4 as 


* Supported by Signal Corps contract. 
!W. Shockley, Bell System Tech. J. 28, 435-489 (1949) 
* B. R. Gossick, Phys. Rev. 91, 1012 (1953) 


R7. Evaporated Multiple Layers with Semiconductor 
Properties. J. C. M. BRENTANO AND J. D. RicHarps,* North- 
western University.—Sintered materials, pressed powders, and 
thin evaporated films show the significance of boundaries in 
determining semiconductor properties. Alternate evaporations 
of two metals in high vacuum yield multiple layers ranging 
from distinct strata to highly dispersed deposits. Their micro- 
scale characteristics are short-range order long-range disorder, 
large number of internal boundaries, and eventual trapping 
centers. Distinctive from single thin layers, effects of external 
boundaries and support can be reduced with the total layer 
thickness. The mechanism of multiple layer formation is il- 
lustrated with deposits of indium and antimony. The metals 
when deposited in thin layers at room temperature form in- 
dium antimonide. When the individual layers are more than 
two atoms thick, a very thin layer of indium antimonide re- 
tards further reaction, which thus can be followed up by the 
change of conductivity. Deposited at — 160°C, separate thin 
layers of indium and antimony are stable with a negative 
temperature coefficient. Increasing the temperature causes a 
sudden irreversible decrease in conductivity which may be 
explained by the formation of InSb; the temperature coeffi- 
cient is then also negative, but resistance and temperature 
coefficient assume different values. 


* Milwaukee Gas Specialty Company Fellow. 


R8. Hall Effect and Magnetoresistivity in Carbons.* S. 
Mrozowskt AND A. CHABERSKI, University of Buffalo. 
Samples of a soft carbon were heat-treated (h.t.) to different 
temperatures (h.t. from 1200°C up to 3100°C) and investi- 
gated at liquid nitrogen and at room temperature. The Hall 
constant is negative for h.t. smaller than 1700°C or greater 
than 2400°C and positive for intermediate heat treatments, 
reaching a sharp peak in this range. In general the Hall con- 
stant is greater at liquid nitrogen temperature; the difference 
is slight for h.t. below 1800°C (neglecting irregularities prob- 
ably caused by evaporation of impurities) and quite large in 
ranges of h.t. between 2100-2300°C and above 3000°C. The 
positive peak is located at h.t.=2050°C at room temperature 
and at h.t.=2140°C at liquid nitrogen temperature. This 
behavior agrees with expectations. No measurable magneto- 
resistance was found below h.t.=1800°C. For higher heat 
treatments, first a small negative effect is observed which 
further changes sign and steadily increases up to the highest 
h.t. The magnetoresistance is larger at liquid nitrogen tem- 
perature; the positions of the minimum (negative peak) 
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coincide with those of the positive peak in the Hall effect. 
Negative magnetoresistance occurs, therefore, in a range 
where not too many excess holes are present so that some 
electrons are thermally excited into the conduction band, but 
only as long as this latter number is small. 

* Supported by the U.S. Office of Naval Research. 


R9. Effect of Impurities on the Conductivity of Gray Tin. 
A. W. Ewatp, Northwestern University.—The electrical con- 
ductivity of pure gray tin and of gray tin doped with anti- 
mony, indium, aluminum, and zinc has been measured in the 
temperature range from 77 to 273°K. Filamentary specimens 
were prepared by the method previously described.! The con- 
ductivity of 99.998 percent pure gray tin free of antimony 
does not show the minimum reported by Busch, Wieland, and 
Zoller,? but with the addition of 0.001 atomic percent Sb a 
minimum occurs at 140°K. For higher Sb concentrations the 
rise at low temperatures is more pronounced, suggesting that 
this rise is due in part to an increase in the number of carriers 
with decreasing temperature. This has been verified through 
magnetoresistance determinations of the mobility. Doping 
with Al, In, or Zn produces P-type conductivity, In and Zn 
being more effective than Al. Samples containing low concen- 
trations of In or Zn (~0.001 atomic percent) show a nearly 
linear Ino vs 1/7 curve over the full temperature range similar 
to that reported by Kendall. 

1A, W. Ewald, Phys. Rev. 91, 244 (1953). 


2? Busch, Wieland, and Zoller, Helv. Phys. Acta 24 (No. 1), 49 (1951). 
3 J. T. Kendall, Proc. Phys. Soc. (London) B63, 821 (1950). 


R10. Interaction of Impurities and Mobile Carriers in 
Semiconductors.* Guy W. LEHMAN AND HuBert M. JAMEs, 
Purdue University.—The effect of the interaction between 
mobile carriers and impurities in semiconductors on the 
activation energy of impurity atoms has been investigated by 
an extension of the hydrogenic model; the theory thus ap- 
plies only to impurities with low activation energies. Electrons 
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trapped by impurity ions move in a resultant field due to the 
ion (treated as a point charge) and the surrounding distribu- 
tion of untrapped carriers; the untrapped carriers move in a 
field because of neutral impurity atoms, impurity ions, and 
other carriers. Orbitals for trapped and untrapped carriers 
have been determined by approximate solution of appropriate 
Hartree equations. Because of the temperature dependence 
of the distribution over states of mobile carriers, the orbitals 
of the theory depend on the temperature as a parameter. For 
given temperature and impurity concentration N, the electron 
concentration depends on the activation energy, and the 
activation energy depends on the electron concentrat,on; 
these two quantities are thus determined by a consistency 
relation. The theory predicts that the activation energy will 
decrease with increasing N in a temperature-dependent way ; 
if N is large the decrease will be smaller the lower the tem- 
perature. 


* Work supported by Signal Corps contract. 


R11. Contact Potential, Work Function, and Surface States. 
SELBY M. SKINNER, Case Institute of Technology.—Myerhof' 
and others have found that measured contact potential differ- 
ence between electrode and semiconductor does not neces- 
sarily show correlation with work function difference. Bardeen? 
has explained this in terms of surface (Tamm) states. A con- 
sideration of current flow through poorly conducting materials 
taking into account thermodynamic equilibria within the 
material and at the contact with the metal, and space charge 
and diffusion effects, indicates that such lack of correlation is 
to be expected whenever the volume density of charge in the 
material in the vicinity of the boundary is large, irrespective 
of whether there are surface states. For small volume density 
near the boundary, i.e., large potential barrier, essentially the 
usual relationship is valid. 


1W. E. Meyerhof, Phys. Rev. 71, 727 (1947). 
2J. Bardeen, Phys. Rev. 71, p. 717. 


FRIDAY AFTERNOON AT 2:00 


1400 Chemistry 


(F. C. Nix presiding) 


Metals, III (Including Order-Disorder) 


Sl. Size Effects Found in the Nucleation of Fracture 
Origins. E. A. MCLEAN AND WALLER GEORGE, Naval Re- 
search Laboratory.—Studies of the processes of nucleation of 
fracture origins in metals have been made using a centrally 
notched zinc foil model loaded in tension normal to the notch.! 
The fracture length observed was always less than the critical 
length at which extension is accelerated by the release of 
strain energy in excess of the specific fracture work. Fracture 
growth is accomplished in these regions by the initiation of 
nuclei in advance of the main crack, the subsequent growth 
of the nuclei, and the joining up of the nuclei with the main 
fracture. Interest in this experiment is primarily concerned 
with the time rate of appearance of these nuclei. Studies of 
foils in which the shape, the thickness, and the initial load per 
unit of width remain constant while the length and width are 
varied indicate a pronounced “‘size effect’’ as shown by plots 
of the total number of fracture nuclei formed as a function of 
time. The time to create a given number of fracture nuclei 


under equal specific loading is observed to increase with de- 
creasing specimen size. 
1 E. A. McLean and W. George, Bull. Am. Phys. Soc. 29, No. 1, 24 (1954) 


S2. On the Origin of Recrystallization Nuclei. JouHn P. 
NIELSEN, New York University.—A theory has been developed 
for grain growth from a minimum of assumptions; no more 
than were used by Gibbs in his discussion of surfaces of dis- 
continuity in his equilibrium of heterogeneous substances 
paper. It turns out that there are several components that 
contribute to the over-all growth rate curve that is observed. 
The outstanding discovery in this analysis is that the origin 
of recrystallization nuclei is a direct logical development of 
the application of the ideas of Gibbs. The origin of recrystal- 
lization nuclei was discussed in a report! circulated from this 
laboratory in 1949 and the essential requirement was stated 
therein. In that report slip plane intersections were used to 
satisfy the requirement and in the present theory, no such 
artificial mechanism is needed. A microstructure showing the 
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manner of selection for a secondary recrystallization nucleus 
has been obtained in an 8.4 percent nickel-titanium alloy. 
The process accounting for one of the components of the 
growth rate curve has been reproduced in a nonmetallic 
system. The frequency of recrystallization nuclei in textures 
can be accurately predicted. 

1Comments on Paper by C. S. Smith, Trans. Am. Inst. Mining Met. 
Engrs. 175, 15 (1948). 


S3. Order-Disorder and Cold-Work Phenomena in Cu — Pd 
Alloys.* F. E. JAumort, Jr., AnD A. Sawatzky, The Franvlin 
Institute Laboratories for Research and Development.—X-ray 
and resistivity measurements on samples of Cu-Pd alloys 
containing up to 29 atomic percent Pd indicate that there are 
four regions to be considered when the samples are slowly 
cooled (2°C per day) from 550°C. Below about 10 and above 
28 percent Pd the alloys are disordered f.c.c.; between 10 and 
19 percent Pd they are ordered f.c.c.; and between 19 and 27 
percent Pd, ordered tetragonal. The tetragonality is quite 
marked at 400°C but the degree of order is increased on cooling 
to 285°C. Room temperature resistivities of samples slowly 
cooled, quenched from 800°C (disordered f.c.c.), and furnace 
cooled from 800°C were studied as a function of cold-work 
(drawing). The quenched samples exhibited a marked de- 
crease in resistivity with cold work; the others showed a 
sharp rise initially, and then a decrease, eventually joining the 
curve for the quenched samples. Similar maxima are observed 
in curves of resistivity versus time of anneal for cold-worked 
samples and annealing temperatures from 100°C to 400°C. 
The temperature coefficients of resistivity (between room 
temperature and —190°C) exhibit no anomalies, regardless 
of the state of cold work of the sample. 


* Supported by the Office of Ordnance Research, U. S. Army. 

S4. Diffraction Studies of Possible Ordering in a@ Brass.* 
D. T. KeatinG, Brookhaven National Laboratory.—A study 
of the possible ordering in the a-brass system has been con- 
ducted concurrently with the study of radiation induced 
changes in the electrical resistivity of a brass.' Masumoto, 
Saito, and Sugihara have concluded from their specific heat 
measurements that there is a possibility of ordering in the a 
brasses.” 

A single crystal of 70-30 @ brass annealed at 190°C for six 
weeks has been studied with both x-rays and neutrons. Any 
degree of long-range order in the crystal would produce a 
sharp (110) superlattice reflection, the integrated intensity 
being proportional to the Bragg and Williams long-range order 
parameter. Local or short-range ordering would be expected 
to produce a diffuse reflection centered about the (110) posi- 
tion. The diffracted intensities in the region of the expected 
(110) superlattice reflection have been carefully examined, 
and within the limits of error of the data no ordering was 
observed with either x-rays or neutrons. 

* Work done under contract with the U. S. Atomic Energy Commission. 

1 Rosenblatt, Smoluchowski, and Dienes, Bull. Am. Phys. Soc. 29, No. 3, 
19 (1954) (this meeting). 

2 Masumoto, Saito, and Sugihara, Science Rep. Research Insts. Tohoku 
Univ., Ser. A4, 481 (1952). 


S5. Kinetics of the Ordering and Disordering Process in 
Cu;Au. F. P. Burns, Columbia University.*—The isothermal 
variation of electrical resistivity with time following rapid 
change of specimen temperature from an initial value 7; to a 
final (constant) value 7; is described. The experimental ar- 
rangements permit observation within one minute after 
initiation of the change. When 7;>390°C and 390°C>Ty; 
> 360°C the resistivity first increases, then decreases mono- 
tonically. The time required to reach the maximum decreases 
and the subsequent rate of fall increases as 7} is lowered. 
When 360°C > 7; >326°C an initial rise is not observed and 
the rate of fall decreases as Ty is lowered. The true kinetics of 


the ordering and disordering processes as they occur in a 
single domain, freed from effects due to the evanescence of 
antiphase domain boundaries, are revealed by similar observa- 
tions made upon a specimen held at 388°C until such bound- 
aries have nearly disappeared. Isothermals corresponding to 
various values of 7;, with 7; < Ty <390°C and 7; <7; <390°C 
are reported. The observation of Sykes and Evans that the 
temperature coefficient of resistivity decreases with decreasing 
temperature immediately above the critical temperature is 
confirmed. 


The College of the City of New York, New York. 


* Permanent address: 


S6. Application of Bimolecular Kinetics to Relaxation of 
Order Below the Curie Point. JeERomE RoTHstTeINn, Columbia 
University.—Ordering binary alloys below the Curie point 
have wrong pairs in analogy to Frenkel defects, with wrong 
pair activation energy of formation independent of density 
of wrong pairs for small m. Bimolecular kinetics at constant 
temperature can then be written dn/dt=an,,—(a/n,)n* with 
a,n, constants. If m=no at t=0, then for nmo<n,, (heating) 
n(t)=n,, tanh[at+tanh™(no/n,)], while for no>n,, (cooling), 
n(t)=n,, coth[at+coth™(no/n,) ]. If temperature dependence 
of resistivity p at constant m is small compared to its nm de- 
pendence, then p=po+(dp/dn)on whence tanh and coth re- 
sistivity relaxation laws are expected. From 7 dependence of 
« and m, activation energies for formation and destruction 
of a wrong pair can be estimated. Theory agrees with experi- 
ments on CusAu of the preceding paper. 


S7. Long-Range Order in Cu—Au Alloys of Nonstoichio- 
metric Compositions.* C. H. SutcLirret AND F.E. Jaumor, JR., 
University of Pennsylvuania.—The degree of long-range order 
present as a function of temperature in samples of Cu-Au 
alloys containing from 15.5 to 34.2 atomic percent Au has 
been determined by measurement of the integrated x-ray 
intensities of the (3,0,0) superstructure reflections. Measure- 
ments were made from room temperature to temperatures 
above the ordering temperature, using monochromatic CuKa 
radiation. The data indicate that the order parameter begins 
to decrease at a proportionately lower temperature for non- 
stoichiometric compositions than for CusAu. Also, the slope 
of the curve of order parameter versus temperature is less 
steep for compositions appreciably different from Cu;Au. 
Values of the long-range order parameter as a function of 
temperature will be given for each composition. 


* Supported by the Office of Flight Research, U. S. Air Force. 
t Present address: The Philco Corporation, Philadelphia, Pennsylvania. 


S8. The Nature of the Order-Disorder Transformation in 
Cu—Au Alloys of Nonstoichiometric Compositions.* C. H. 
SuTcLirFEf AND F. E. Jaumort, JRr., University of Pennsylvania. 
—The nature of the order-disorder transformation in Cu-Au 
alloys containing from 15.5 to 34.2 atomic percent Au has 
been studied by observing high angle fundamental x-ray re- 
flections from single crystals. Measurements were made at 
temperatures ranging from room temperature to 450°C. The 
anomalous broadening and splitting of the (4,0,0) reflections 
from samples containing more than 25 atomic percent gold 
indicate that the transformation is a classical phase trans- 
formation rather than a homogeneous one, at least for gold- 
rich samples. The (4,0,0) reflections from samples containing 
less than 25 percent gold did not split and exhibited only 
slight broadening in the region of the so-called critical tem- 
perature. A possible explanation of the cause of this unusual 
behavior, based on the atomic sizes of the constituents, will 
be discussed. 


* Supported by the Office of Flight Research, U.S. Air Force. 
t Present address: The Philco Corporation, Philadelphia, Pennsylvania. 
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Semiconductors, IV (Compounds) 


Tl. Electrical Properties of Single Crystals and Thin 
Films of PbTe.* Searu J. SILVERMAN AND Henry LEVINSTEIN, 
Syracuse University. -A comparison was made of the elec- 
trical properties of single crystals of PbTe and subsequently 
evaporated thin films formed from the original material. 
Hall constants and resistivities were measured as a function 
of temperature from 300° to 77°K. Crystals were grown by the 
Stockbarger technique. Films were formed and measured 
without exposure to air. Regardless of whether the original 
crystal was ‘“‘n”’ or ‘‘p” type, all films were ‘‘n” type, having 
carrier concentrations within the same order of magnitude for 
most cases. This observation was attributed to a limited 
amount of dissociation during evaporation, resulting in an 
inhomogeneous distribution of Te agglomerates throughout 
the film. Room temperature mobilities were about } that of 
the single crystal values. In general, carrier mobilities in films 
were markedly affected by substrate temperature during film 
formation, subsequent annealing, and limited oxygenation. 


* This work was supported by the Wright Air Development Center. 


T2. The Effect of Oxygen on Lead Telluride Films.* 
DonaLp E. Bope AND HENRY LEVINSTEIN, Syracuse Uni- 
versity.-The electrical properties of lead telluride films were 
studied as a function of the degree of oxygenation. Films of 
PbTe formed by high vacuum evaporation have a large 
affinity for oxygen at pressures above 10™ mm of Hg. The 
quantity of oxygen adsorbed by a particular film depends on 
several factors: (1) substrate temperature during the initial 
film formation, (2) the pressure of the oxygen admission, 
(3) the time of exposure to oxygen, and (4) the film tempera- 
ture during exposure to oxygen. By addition of calibrated 
pulses of oxygen at room temperature it was possible to trans- 
form PbTe films from n-type to p-type and obtain a point for 
point correlation of their electrical properties. In this manner it 
was possible to study in detail the change of a film’s resistance, 
thermoelectric power, photoconductive sensitivity, time con- 
stants, and spectral characteristics with increasing oxygena- 
tion. It is felt that when oxygen atoms are adsorbed on PbTe 
films they permanently capture electrons first from the con- 
duction band, then the impurity centers, and eventually the 
valence band to transform the film from to p. Oxygen does 
not seem to play a primary role in the photoconductive effect 
at long wavelengths. 


* This work was supported by the Wright Air Development Center. 


T3. Current Oscillations in Photoconductive Films of Lead 
Telluride.* DeAN L. MitrcHELL, WERNER J. BEYEN, AND 
Donan E. Bove, Syracuse University.— During a study of the 
noise characteristics of PbTe cells it was found that the cur- 
rent through some of the films would break into oscillation 
at applied fields between about 500 to 4000 volts/cm. The fre- 
quency range for oscillations of this type was from 10? to 10 
cycles /second. The amplitudes of these oscillations measured 
across a one-megohm load resistor ranged between 1075 and 
10 volts. The wave shape of an individual oscillation is 
sawtooth in appearance. It was possible for several different 
frequencies to exist simultaneously in a particular film. It 
was found that the frequency and amplitude of these oscilla- 
tions increase when the applied voltage is increased. Above 
certain applied voltages all oscillations cease and only the 
characteristic flicker noise of the semiconductor is present. 


The results of this investigation indicate that the phenomenon 
is similar to that of a modified relaxation oscillator. The effect 
is probably associated with a certain type of inhomogeneity 
within the film. The presence of these inhomogeneities in 
films having this behavior is supported by several other types 
of phenomena which will be described. 

* This work was supported by the Wright Air Deve 

T4. Interdiffusion in Lead Sulfide Crystals. Kk. F. BReBRICK 
AND W. W. Scanton, U. S. Naval Ordnance Laboratory. —In 
pure compound semiconductors such as lead sulfide the elec- 
trical properties are determined by slight deviations from the 
stoichiometric composition. A single crystal containing a slight 
excess of lead is m type. If such a crystal is exposed to suffi- 
ciently high temperature and pressure of sulfur vapor it will 
change its composition to excess sulfur by a diffusion process 
and become p type. A plane between p and type material 
moves inward from the surface as diffusion progresses. Upon 
quenching the crystal the junctions can be located by recti- 
fication, thermoelectric force, or photoeffects. For fixed tem- 
perature and pressure conditions it is possible to calculate a 
diffusion coefficient from the movement of p- junctions in 
two crystals of different compositions. With a sulfur pressure 
corresponding to the vapor pressure of sulfur at 123°C and 
a crystal temperature of 550°C the p-n junction in two n-type 
crystals (m,;=1.5X10'7, m2=12X10'7) moved inward a dis- 
tance of 0.67 mm and 0.11 mm, respectively, in one hour. 
Assuming that the composition at the p-m junction is the same 
in both crystals and that the sulfur concentration is the same 
at the surfaces a diffusion constant of 4.6 1U~® cm?/sec is 
calculated from the solution of the appropriate diffusion 
boundary value problem. 


TS. The Preparation of Lead Sulfide Crystals of Controlled 
Electrical Properties. W. WW. SCANLON AND R. F. Bresricx, 
U. S. Naval Ordnance Laboratory.—In theory a crystal of a 
binary ionic compound can exist as a single phase over a small 
range of composition. For such a crystal the system, crystal- 
vapor, has two degrees of freedom by the Gibbs phase rule. 
Therefore, at a temperature high enough for the crystal to 
come to equilibrium in a reasonable time with the vapor phase, 
the composition of the crystal and its electrical properites can 
be varied by varying the pressure of one of the constituents of 
its vapor. Small natural crystals of PbS were exposed at 500°C 
to various fixed pressures of sulfur vapor for 20 hours and then 
quenched to room temperature. The pressures used corre- 
sponded to the vapor pressures of sulfur in the range from 
100°C to 120°C. Hall effect and resistivity data were taken 
from —190°C to +200°C. Both p-type and n-type crystals 
were made by this method with carrier concentrations be- 
tween 10'* and 10". The intrinsic activation energy for PbS 
is 0.37 ev and extrapolated resistivity data indicates that 
intrinsic material has a resistivity of about 3.02 cm at room 
temperature. The ratio of electron to hole mobility is 1.4. 


T6. The Mobility and Mean Free Path of Electrons and 
Holes in Lead Sulfide Crystals. R. L. Perritz, W. W. Scan- 
LON, AND F. L. Lummis, U. S. Naval Ordnance Laboratory. 
Using the formulas for the two-carrier semiconductor, wu. and 
ua were calculated from Hall effect and resistivity data for 
several crystals of m-type and p-type PbS. Impurity concen- 
trations ranged from}10"/cc to 10'*/ec. No evidence for im- 
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purity scattering was observed in the temperature range 

- 190°C to +200°C. The mobility data was fitted over the 
entire temperature range by the expression: 

1 ] a 

7 : T ’ 

wp A(e/T+1)° B 


volt-sec 
cm? 

where the first term is the polar scattering formula of Mott 
and Froéhlich and is associated with the optical modes of the 
lattice vibrations. The second term is due to scattering by 
interactions with acoustical modes and is important only at 
low temperatures. We find that the mean values for the con- 
stants are approximately @= 1100°K, A = 18, and B=3.5 108. 
From A we find that m*/m is 0.17. The electron mobility at 
room temperature is approximately 400 and the corresponding 
mean free path is 120A. 


T7. Optical Absorption of AlSb. Rk. F. Brunt, H. P. R. 
FREDERIKSE, AND J. H. Becker, National Bureau of Stand- 
ards.--The absorption spectrum of AlSb has been measured 
at room temperature at 78°K and near 4.2°K. Two samples 
with carrier-concentrations of 2X 10'7/cc (p-type) and 5 X 10"7 
cc (n-type) have been investigated. The n-type sample is 
slightly polycrystalline and doped with tellurium; the p-type 
sample is a single crystal. Both samples shew a sharp ab- 
sorption edge corresponding to a forbidden gap of 1.55 ev at 
room temperature! in good agreement with electrical data? 
The temperature dependence of the gap is about —4x10™4 
ev/deg between 300°K and 78°K. A small absorption band at 
0.75 ev is observed in the p-type sample in addition to the 
free carrier absorption. This band becomes sharper but not 
higher at lower temperatures. The n-type specimen shows a 
broad band with a maximum at 0.33 ev. The height of this 
band increases appreciably on cooling. The free-carrier ab- 
sorption at longer wavelength appears to be larger at 78°K 
and 4.2°K than at room temperature in this sample. Possible 
interpretation will be discussed. 

'See also Briggs, Cummings, Hrostowski, and Tanenbaum, Bulletin 


Am. Phys. Soc. 28, No. 6. 
2H. Welker, Z. Naturforschung 8a, 248 (1953). 


T8. The Anomalous Optical Absorption Limit in InSb. 
EviAs Burstein, aval Research Laboratory.—The anomalous 
shift of the absorption limit to shorter wavelengths with in- 
creasing impurity content in InSb! is attributed to the un- 
usually small effective mass of the electrons, rather than to a 
specific impurity effect. The small effective mass of the elec- 
trons is associated with a small effective density of states and 
with a small degeneracy concentration. Consequently, InSb 
behaves as a degenerate semiconductor at relatively low elec- 
tron densi ies, and the height of the Fermi level above the 
bottom of the conduction band in degenerate n-type material 
increases rapidly with increasing electron density. The optical 
absorption limit involves vertical transitions from the filled 
hand to the lowest unfilled level in the conduction band. The 
optical energy gap of a degenerate n-type sample is, accord- 
ingly, given by the energy separation between the lowest un- 
filled level in the conduction band (which lies approximately 
4kT below the Fermi level) and the corresponding level in the 
filled band, and not just simply by the minimum separation 
between the bands. The optical energy gap of an n-type 
sample containing 5X 10'§ electrons/cm® is calculated on this 
basis to be 0.4 ev in agreement with the observed value of 
0.39 ev. 


1M. Tanenbaum and H. B. Briggs, Phys. Rev. 91, 1561 (1953). 

T9. Optical and Electrical Measurements on InAs. RoBER1 
M. TALLEY AND Dorotruy EnriGut, U. S. Naval Ordnance 
Laboratory.—InAs has been prepared by fusion of the elements 
in an evacuated Vycor container. Polycrystalline samples 
which appeared to be homogeneous and free from cracks and 


pits were cut from the melt. It was not possible to zone refine 
this compound because of a decomposition which begins at 
about 500°C. InAs melts at 942°C and crystallizes in the 
zincblende structure with a lattice spacing of 6.058A.! The 
infrared transmission agrees with the results reported by 
Briggs.2 Hall effect and conductivity measurements will be 
reported. 


(1953 
Phys. 


1T. S. Liu and E. A. Peretti, Trans. Am. Soc. Metals 45, 677 
? Briggs, Cummings, Hrostowski, and Tanenbaum, Bull. Am 
Soc. 28, No. 6, & (1953). 


T10. Infrared Properties of Indium Antimonide.* W. 
KAISER AND H. Y. Fan, Purdue University.—Infrared trans- 
mission of indium antimonide has been measured at different 
temperatures. Samples with 10'7 cm™ effective impurity con- 
centration, both n type and p type, have an absorption edge 
at 7.1 microns at 300°K shifting with temperature between 
520°K to 4°K by —2.8X10 ev/degree K.' Samples with 
~5 X10" cm’* carriers have an absorption edge at 3.5 microns 
at 300°K, 2.5 microns at 78°K, hardly changing between 78°K 
and 4°K. Samples with the lower carrier concentrations, both 
n type and p type, show the same absorption in the intrinsic 
range, increasing with temperature. In the impurity range 
n-type samples show absorption increasing with wavelength 
whereas the p-type samples give essentially flat absorption up 
to 30 microns. In both cases the absorption increases with 
decreasing temperature, more strongly for the p type. For a 
p-type sample the transmission changed from 21 percent at 
300°K to 2 percent at 78°K and <1 percent at 20°K. This 
behavior might be expected from excitations between the 
valence or conduction band and energy states <0.01 ev from 
the band edge. 


* Work supported by a Signal Corps contract. 


1 See M. Tanenbaum and H. B. Briggs, Phys. Rev. 91, 1561 (1953), 


T11. Conductivity, Hall Effect, and Rectification of Gallium 
Antimonide.* D. P. Detwiter, The Franklin Institute 
Laboratories for Research and Development.—Gallium anti- 
monide of relatively high purity has been prepared by zone- 
refining the compound and growing single crystals by pulling 
from the melt. As prepared under a hydrogen atmosphere in 
silica crucibles, this material exhibits in general p-type con- 
ductivity. The electrical conductivity and Hall constant of a 
number of samples, both n-type and p-type, have been meas- 
ured between —190°C and 650°C. Room temperature con- 
ductivity ranged from a few ohm! cm™ to 100 ohm cm 
The room temperature Hall mobility of holes in relatively 
pure specimens is about 2000 cm? volt! sec™!, while that of 
electrons is appreciably higher. The intrinsic energy gap is 
somewhat greater than that of germanium. Rectifying p-n 
junctions have been grown from the melt by adding tellurium 
to a p-type melt. It has been found that these junctions may 
be located by chemical etching with a mixture of hydrochloric 
and nitric acids. Early junctions show a room temperature 
rectification ratio of several hundred at one volt with, how- 
ever, considerable ‘‘softening’”’ of the reverse characteristic. 
Although much smaller reverse currents are obtained at 77°K, 
saturation is still poor in the units tested. 


* This work was supported by the Air Research and Development Com- 
\ 


mand, U.S 


T12. Some Properties of P-type Gallium Antimonide Be- 
tween 15°K and 925°K. H. N. Leirer anp W. C. Duntap, 
JR., General Electric Research Laboratory. —Single crystals! of 
gallium antimonide were produced by the Czochralski tech- 
nique from zone-refined material made by direct combination 
of the elements. The product was p type, with resistivities 
of the order 0.1 ohm cm. Hall coefficient and resistivity were 
measured from 15°K to 925°K. The slope of the Hall curve at 
low temperatures yielded the value 0.024 ev for the carrier 
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ionization energy. The room temperature mobility was near 
800 cm?/volt sec. The Hall mobility varied as 7T~°-8? below 
room temperature, changing slope at room temperature and 
going over to a nearly 7~! law at higher temperatures. An 
electron-to-hole mobility ratio of 5 was determined from the 
ratio of extrapolated extrinsic conductivity to actual con- 
ductivity at the Hall coefficient conversion temperature 
(357°C). From resistivity data, the intrinsic band gap at 0°K 
wast estimated as 0.80 ev. From infrared data the best value 


AND V 


for room temperature band gap was taken to be 0.71 ev. 
Based upon the assumption of spherical Fermi surfaces and 
assuming consistency of these data, the following are calcu- 
lated : 3X 10-*/°C as the coefficient of band gap with tempera- 
ture; 0.20 m and 0.39 m for the effective mass of electrons and 
holes, respectively. 

! Tannenbaum, Pearson, and Feldmann, paper A10 and Briggs, Cum 


mings, Hrostowski, and Tannenbaum, piper A9, Bulletin of the Am. Phys 
Soc. 28, 6 (1953). 


SATURDAY MORNING AT 9:30 


Crystal Ballroom 


(CyriL S. SmitH presiding) 


DSSP Symposium on Irradiation Effects 


U1. Theory of Radiation Damage. F. Seitz, University of Illinois. (40 min.) 

U2. Stored Energy in Irradiated Copper. A. W. OverHAusER, Cornell University. (20 min.) 

U3. Nucleon Bombardment of Semiconductors. K. LarK-Horovitz, Purdue University. (30 min.) 
U4. Radiation Effects in Ionic and Valence Crystals. KR. Smo_ucnowskt, Carnegie Institute of 


Technology. (30 min.) 


US. Radiation Damage Effects on Electronic Properties of Graphite. W. P. EATHERLY, North 


American Aviation, Inc. (30 min.) 


Business Meeting of the Division of Solid-State Physics 


(to be convoked during Session U whenever the Chairman of the Division shall see fit) 


SATURDAY MORNING AT 9:30 


Italian Gardens 


(C. G. SHULL presiding) 


Magnetism, I 


V1. Ferromagnetic Properties and Order-Disorder in 
Fe—Pd Alloys.* V. J. FoLEN anp F. C. Nix, University of 
Pennsylvania, AND F. E. JAumot, Jr., The Franklin Institute 
Laboratories for Research and Development.—The saturation 
moment, Curie temperature, and magnetostriction of alloys 
of Fe-Pd near the composition FePd; were studied as a func- 
tion of order. For disordered samples, the Curie point and 
saturation moment at room temperature exhibit a sharp de- 
crease in value in the region of 75 atomic percent Pd. The 
saturation magnetostriction decreases with increasing pal- 
ladium content. Partial order lowers the Curie temperature 
considerably in samples containing less than 75 percent Pd, 
and raises it slightly for samples containing more than 75 
percent Pd. This result is consistent with the increase in 
volume on ordering of the low palladium samples and the 
negligible change in volume of the high palladium samples. 
Isothermal anneal studies indicate that the effect of order on 
the saturation moment is complete in the early stages of 
ordering. 


* Supported by the U. S. Office of Naval Research and the Air Research 
and Development Command. 


V2. Ferromagnetism and Order in Fe—Pt Alloys Near 
Fe;Pt.* A. D. FRANKLIN, A. E. BERKOWITZ, AND E. KLok- 


HOLM, The Franklin Institute Laboratories for Research and 
Development.—The Fe-Pt alloys near the composition Fe;Pt 
exhibit an irreversible transition between b.c.c. a and f.c.c. 
y phases. Both are ferromagnetic, but the y-phase Curie 
point lies much lower than that of the a phase. It is known! 
that ordering in these alloys moves the y-phase Curie point 
to higher and the y—a transition to lower temperatures, 
without having an appreciable effect on the a—y transition. 
These ordering effects have been studied in greater detail, 
using a B-H curve tracer to follow the transitions magneti- 
cally. During the irreversible transitions, especially a—y, 
isothermal changes in magnetization occur. In cold-worked 
specimens, the beginning of the y—a transition lies above 
liquid N.2 temperatures out to 27 atomic percent Pt. The 
increase in the y-phase Curie temperature and the decrease in 
the y—a transition temperature with ordering occurs to an 
appreciable extent in the early stages of ordering, before 
superstructure lines appear in the x-ray patterns. 
* Supported by the U. S. Air Research and Development Command. 
1A. Kussmann and G. Rittberg, Z. Metallkunde 41, 470-7 (1950). 


V3. Resistance Studies of the Phase Transformations in 
Fe—Pt Alloys Near the Composition Fe;Pt.* R. P. STeJN 
AND F. J. Donanor, The Franklin Institute Laboratories for 
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Research and Development.—The y-phase Fe-Pt alloys con- 
taining approximately 25 atomic percent platinum are known 
to develop superstructure of the type formed in Cu;Au.! In 
addition, the f.c.c. y phase transforms at low temperatures 
to a b.c.c. a phase in alloys containing £27 atomic percent 
platinum. The resistance changes which are produced by these 
phase transformations have been studied in alloys ranging 
from 14 to 30 atomic percent platinum. In Cu;Au the forma- 
tion of long range order is accompanied by a decrease in re- 
sistance which may be observed at the temperature at which 
order formation occurs. No such effects are observed in Fe;Pt. 
This seems to be generally true in ferromagnetic alloys of this 
type. The progress of the ordering reaction during isothermal 
aging at elevated temperatures can be followed by quenching 
and measuring the resistance at some fixed temperature below 
the ferromagnetic Curie point of the disordered alloy. The 
irreversible a—y transition also produces large changes in 
resistance which are superposed on those caused by changes 
in the degree of order. 
* Supported by the U. S. Air Research and Development Command. 
! A. Kussmann and G. Rittberg, Z. Metallkunde 41, 470-7 (1950). 


V4. Magnetization in the Nickel Ferrite Indates. Louis R. 
MAXWELL AND STANLEY J. Pickart, U. S. Naval Ordnance 
Laboratory.—Trivalent indium has been substituted in nickel 
ferrite (NiO-Fe.O;) to give the system NiO-Fe.2_,In,O; where 
t varies from 0 to 1.875. The materials were prepared in 
powdered form and annealed at a cooling rate of 1° per minute 
from 1400°C. The lattice constant a» increased linearly with 
increasing ¢ from 8.332A to 8.708A at t=1.5; for greater 
values of ¢ the size of unit cell remains constant. At these 
higher values of t, x-ray lines caused by the uncombined NiO 
and In.O; were present indicating that the remaining spinel 
structure was held together by the trivalent iron present. 
At t=2 no solid solution was formed. Thermal magnetization 
curves showed only the Q type as classified by Néel. The 
saturation magnetization, obtained by extrapolation from 
liquid nitrogen temperature to absolute zero, increased with 
increasing t to a maximum at t=ca, 0.5 beyond which the 
magnetization decreased toward zero. No crossover was found 
that would indicate a reversal in the dominance of the in- 
trinsic magnetization as observed for the nickel ferrite alumi- 
nates.! The Curie temperatures decreased nearly linearly with 
increasing ¢ with values running systematically below corre- 
sponding Curie temperatures! when trivalent aluminum and 
trivalent gallium are substituted for trivalent iron. 


1L. R. Maxwell and S. J. Pickart, Phys. Rev. 92, 1120 (1953). 


V5. Magnetic Neutron Diffraction in Fe,O,. T. Riste AND 
A. W. McReyno.ps, Joint Establishment for Nuclear Energy 
Research, Norway.—The intensity of magnetic diffraction 
from the (111) planes of Fe;O, has been studied as a function 
of temperature in order to investigate (1) the shape of the 
magnetization vs temperature curve, and particularly, (2) 
effects in the region of the Curie point. For thin crystals the 
diffracted intensity from a set of crystallographic planes is 
proportional to reflectivity F?=C?+ @D? where C and D are, 
respectively, the nuclear and magnetic scattering amplitudes 
and ga vector determined by direction of magnetization. By 
measurement with the crystal first unmagnetized then mag- 
netized parallel to the scattering vector, reflectivity becomes, 
respectively, F?=C?+ 7D? and F?=C?, allowing elimination 
of the nuclear component. The remaining magnetic component 
is proportional to intensity of magnetization. The magnetiza- 
tion vs temperature curve thus measured on an unmagnetized 
material shows a sharply defined Curie point and may be 
compared with theory. A further decrease of scattering slightly 
above the Curie point indicates continued short-range correla- 
tion of magnetic moments. 


V6. Permeability and Magnetostriction of Cation-Substi- 
tuted Magnetite.* L. R. Bickrorp, Jr.,t J. Parpts,t AND J. L. 
STuL._, New York State College of Ceramics.—The temperature 
spectrum of initial permeability for magnetite traverses a 
sharp peak at 130°K, which has been identified with a change 
in sign of the first-order cubic anisotropy constant. We found 
that the substitution of small amounts of cobalt for divalent 
iron causes a marked shift upwards in the temperature of the 
peak. Substitution of other transition elements does not pro- 
duce this effect. For cobalt additions the temperature shift is 
linear with respect to cobalt ferrite content, the rate being 
140°C/moie percent. We have obtained convincing evidence 
from magnetostriction measurements that the shifted peak is 
still associated with a change in direction of easy magnetiza- 
tion. Apparently the spins of the cobalt ions are strongly 
coupled to the lattice parallel to the [100] direction, and the 
presence of a small amount of cobalt is sufficient to align the 
entire spin system in this direction. It is predicted that the 
first order anisotropy constant for cobalt ferrite itself is 
positive in sign and very large. 

* Supported in part by the U. S. Office of Naval Research. 


+ Now at Research Laboratories, 1.B.M. 
t Now at M.I.T. 


V7. The Magnetization of CuK,(SO,).-6H.O at Liquid 
Helium Temperatures and in Strong Magnetic Fields. 
WARREN E. HEnNry, Naval Research Laboratory. Experi- 
mental study of the magnetization of copper potassium sul- 
phate hexahydrate has been carried out in the liquid helium 
temperature range (1.3°-4.2°K) and in magnetic fields up to 
60 000 gauss. From the fractional variation of the magnetic 
moment with H/T and the superposition of magnetic moment 
isotherms within experimental error in fields under 50 000 
gauss it is concluded that a Brillouin function (not spin only) 
is followed. Above 50.000 gauss, a slight departure from the 
Brillouin function is suggested. It is possible to compare these 
results with previous measurements on copper sulphate 
pentahydrate! in which there is a pronounced dispersion of 
the magnetic isotherms caused by the large exchange inter- 
action between copper ions. From a comparison of these re- 
sults, one may see the decrease in exchange energy with in- 
crease in distance between interacting ions. The comparison 
is in agreement with the Van Vleck prediction? that an in- 
crease in exchange coupling can increase the sharpness of 
paramagnetic resonance absorption which was shown experi- 
mentally by Arnold and Kip.* 

1W. E. Henry, Phys. Rev. 87, 1133 (1952). 


2 J. H. Van Vieck, Phys. Rev. 74, 1168 (1948). 
3R. D. Arnold and A. F. Kip, Phys. Rev. 75, 1199 (1949). 


V8. Note on Magneto Resistance. L. P. Kao anp E. Karz, 
University of Michigan.*—Results of calculation are presented 
for the magneto resistance in cases more general than those 
discussed by L. Davis! and F. Seitz,? referring to anisotropic 
materials in arbitrary orientation. 

* Research supported by the U.S. Lab. Procurement Office of the Signal 
Corps Supply Agency. 


1L. Davis, Phys. Rev. 53, 93 (1939), 
2 F. Seitz, Phys. Rev. 79, 372 (1950). 


V9. Low Temperature Magnetoresistance of Gold in Fields 
up to 50 Kilogauss. Joun K. LoGan, Naval Research Labora- 


tory.—Measurements have been made of the magneto- 
resistance of a sample of gold in the temperature range from 
1.2°K to 4.2°K, and in fields up to 50 kilogauss. These steady 
magnetic fields were provided by a_ Bitter-type air-core 
solenoid. The ratio of zero-field resistance to resistance at 
300°K was 1.8107? at 4.2°K. This value was greater by 3.3 
percent at the lowest temperature. At 50 kilogauss the re- 
sistance increased by 55 percent and 47 percent, at 4.2°K and 
1.2°K, respectively, over the zero-field resistance. At inter- 
mediate temperatures and this field, the percentage increase 
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was linear with zero-field resistance. In addition, at constant 
temperature and high fields, the resistance ratio was linear in 
magnetic field, with a coefficient of 1.25 percent per kilogauss. 


a monotonically increasing function 


AND W 


Above ap 
proximately 20 kilogauss, the resistance at constant field wa 
of temperature 


This coethcient: wa: independent of temperature 


Invited Paper 


V10. The Hall Effect in Ferromagnetics. J. M. Lurrincer, University of Michigan. (30 min.) 


SATURDAY MORNING AT 9:30 


Normandy Room 


(CHARLES S. SMITH presiding) 


Nonmetallic Solids 


WI. The Relation between Refractive Index and Density 
in Glass. H. N. Ritianp, Corning Glass Works.—tThe re- 
fractive index and density have been measured on a large 
number of samples of a borosilicate crown optical glass 
(Corning Code 8370). The samples were cut from a large 
piece of homogeneous glass, and given various thermal treat- 
ments. The refractive indices of the treated samples range from 
about 1.511 to 1.517, and the densities from 2.50 to 2.53 g/cc. 
The refractive index is a single valued function of the density 
within about 3X10 in refractive index. The Lorentz-Lorenz 
refractivity does not remain constant during this structural 
change; instead the data follow closely the Newton-Drude 
equation, (m?—1)/d=constant. This equation corresponds to 
no contribution of the polarization to the local electric field. 
Data on other glasses indicate that this result is generally 
valid. This may imply that the polarization contribution is 
much less than the Lorentz value 44P/3, or alternatively 
that the ionic polarizabilities are considerably decreased as 
the density of the glass increases. 


W2. Multiple Diffraction Patterns in Glass Produced by 
Ultrasonic Waves of High Intensity. J. M. Barnes, Michigan 
State College.—The multiple diffraction of light produced by 
two ultrasonic waves of different wavelengths in a transparent 
medium! can be considered as the superposition of the effects 
of the individual waves, if only first diffraction orders are 
created.? For higher intensities and for the special case of a 
strong longitudinal and a weak transverse wave a theory given 
by Nath? has to be used. In the case of six primary diffraction 
orders due to longitudinal waves and one primary diffraction 
order due to transverse waves, up to fifteen diffraction orders 
were obtained. 


'L. Bergmann and E. Fues, Z. Physik. 109, 1 (1938). 
2? Hans Mueller, Z. Krist. Abt. AQ9, 122 (1938). 
3N.S. Nath, Proc. Cambridge Phil. Soc. 34, 213 (1938). 


W3. Determination of the Ratio of the Photoelastic Con- 
stants of Glasses by Means of Ultrasonic Waves. HALBERT 
Gates, Michigan State College.—The ratio of the two photo- 
elastic constants of glass can be determined by means of the 
diffraction of light by ultrasonic waves.! The two known 
methods, the intensity method? and the polarization angle 
method’ have been used for the measurement of a series of 
optical glasses and for a comparison of the methods. 

‘Hans Mueller, Z. Krist. Abt. A99, 122-141 (1938). 


?L. Bergmann and F. Fues, Naturwissenschaften 24, 492 
3 EF. Hiedemann, Z. Physik. 108, 592 (1938). 


1936). 


W4. The Simon Melting Equation and the Effective Inter- 
molecular Potential. L. Satter, Wabash College (introduced 
by F. E. Throw).—Recent experiments! on solid helium have 
made plausible a connection? between the Simon empirical 
melting equation, pPm/a=(Tm/To)*—1, the Griineisen equa- 
tion of state for a solid, and the well known Lindemann melt- 


ing relation. Further equations satisfied by the macroscopic 
melting line parameters are derived, and, introducing the 
lattice dynamical expression for @,, a differential equation for 
the effective intermolecular potential on the melting curve is 
obtained. On the assumptions underlying the derivation, the 
potential is of “reduced” form, p(rm) =constkTo(tm/ro), (To 
and ro the temperature and lattice constant at the triple 
point), 2=3/(c—1); the constant involves the Simon con- 
stant c, parameters characteristic of the lattice structure, and 
and the Lindemann constant. 

Roy. Soc. (London) A218, 291 


! Dugdale and Simon, Proc. 1953). 


2 Salter (to be published). 

WS. Electronic Energy Bands in Crystals. EpMonp Brown, 
Cornell University.—A method of obtaining valence states of 
the Schroedinger equation with a prescribed crystal potential 
is discussed. A set of secular equations is obtained from an 
expansion of the wave function in a finite number of plane 
waves plus an auxiliary function. In the treatment of alkali 
metals this auxiliary function may be determined from the 
Wigner-Seitz! solution. The solution then reduces to that of 
W-S when the number of plane waves chosen is reduced to 
zero. Because of the orthogonality of the chosen functions the 
energy eigenvalue appears only in diagonal terms of the secular 
matrix. One difficulty which appears in the present method is 
due to the fact that the desired energy is not the lowest eigen- 
value of the secular equations. However, an iteration tech- 
nique is proposed which enables one to find the proper eigen- 
value. The method is applicable to problems for which the 
OPW method? converges very slowly (viz., those in which the 
desired state is the lowest of its symmetry type). 


43, 804 
1940 


1 E. Wigner and F. Seitz, Phys 1933 


2C. Herring, Phys. Rev. 57, 1169 

W6. Influence of Charge Distribution on Repulsive Forces 
and Internuclear Distances between Ions. GILBERT BEGUIN 
AND KAstMiR Fajans, University of Michigan.—According to 
M. Born (1918), repulsive forces acting within an ionic crystal 
must depend on the spatial charge distribution of the elec- 
tronic systems of the ions. In fact, if the ions would remain 
spherical in the crystal, no repulsion would result from the 
mutual Coulombic interaction between the electrons and the 
nuclei. However, the deformation of the wave mechanical 
charge distribution of interpenetrating ions lowers the sym- 
metry of the latter and gives rise to repulsive forces. K. Fajans 
and K. F. Herzfeld considered (1920) a model of a crystal 
consisting of ions, the outer eight electrons of which are at 
the corners of a cube. At equilibrium, an appreciable distance 
separates the electron cubes due to the repulsion between these 
charge distributions. This result is confirmed by computations 
made with a higher degree of approximation on models of 
molecules consisting of cubical rigid ions X* and Y~ of variable 
edge length ratio and at different orientations. For instance, 
for the ratio 1:1, the fraction 0.78 of the internuclear distance 
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lies within the cubes when their space diagonals are in line 
and only 0.39 when their faces are parallel. 


W7. Evaluation of Statistical Approach to Phase Determi- 
nation in X-Ray Analysis.* V. VANp AND R. Pepinsky, The 
Pennsylvania State University.—Statistical formulas for proba- 
bilities of signs of structure factors have been developed by 
Hauptman and Karle.' They claim that with a sufficient num- 
ber of structure factors the probabilities converge to cer- 
tainties. This is claimed for space-group ?1. General examples 
can be found, however, for which this leads to an incorrect 
structure. It is shown that the statistical formulas, aithough 
correct individually (within limits of approximations used), 
can bias the results toward wrong structures when applied 
jointly. Formulas for ©; and LY, were studied i in detail, since 
these alone are useful in first attack in P1. 3B, is related toa 
sharpened Patterson with origin removed, and tends to con- 
verge to the highest peaks of the Patterson—which differs 
from the structure. 24 corresponds to a squared (origin- 
removed) Patterson, and its convergence to the highest 
Patterson peaks is more pronounced. The above does not 
apply to more complicated space groups for which the 
H-K formulas are related to Harker sections (see, for example, 
naphthalene, which structure is apparent directly in a Harker 
section.) It would appear that the practical crystallographic 
problem has not yet been generally solved. 


* Development supported by the National Institute of Po atch 
tH. Hauptman and J. Karle, A.C. Monograph No. 3 


W8. Interferometric Study of the Surface of X-Ray and 
Proton Irradiated KCl Crystals.* W. J. Smitn, W. J. Lervo, 
AND R. SMoLucCHOWSKI, Carnegie Institute of Technology.— 
Irradiation of potassium chloride crystals by x-rays is known 
to produce a density decrease of about 10-4. It was thought 
interesting to check whether this effect is associated with any 
definite changes on the surface. This is conveniently done by 
multiple beam interferometry whic h permits an analysis of a 
crystalline surface with an accuracy of the order of ten ang- 
stroms. Such a study has been made on x-ray and proton 
irradiated KCI single crystals. A comparison of the position 
and contour of the interference fringes in the x-ray irradiated 
and nonirradiated neighboring section of the crystal seems to 
indicate that the change of density does not occur to any extent 
by means of diffusion of individual atoms or vacancies. Thus 
it suggests that an internal mechanism along the lines sug- 
gested by Seitz is operative. This may be related to slip 
lines which are often visible in the irradiated area and point 
to a possible role of dislocations. In certain cases evidence of 
epitaxy was observed. The effect of proton irradiation is similar 
to x-rays except at high intensities when the surface is severely 
altered. 

* Work supported by a U. S. Atomic Energy Commission contract 

W9. Small-Angle Scattering of X-Rays by Irradiated 
Diamond.* W. H. Roprnson, Yin-YuAN Li, AND R. SMOLU- 
CHOWSKI, Carnegie Institute of Technology.—Recent measure- 
ments of the intensity of x-rays scattered at small angles 
from diamond irradiated by 360 Mev protons at the Carnegie 
Institute of Technology synchrocyclotron have indicated an 
unexpected weak maximum in the scattered intensity at 
approximately 0.02 radian. A tentative interpretation of this 
maximum will be given. Further results using a focusing small- 
angle scattering camera will be reported. Also a description 
of the design of the focusing camera using a bent crystal 
monochromator will be given. 

* Work supported by a U.S. Atomic Energy Commission contract 

W10. The Fourier Analysis of X-Ray Small-Angle Scatter- 
ing.* YIn-YuAN Lr AND R. SMoL_ucHOwsKI, Carnegie Institute 
of Technology.—It is pointed out that a Fourier inversion of 
the intensity distribution of x-ray scattering taking the small- 


angle scattering alone gives the electron density function of 
the continuum approximation. The procedure of including 
only the central scattering is practicable, when none of the 
peaks of the lattice diffraction occurs at such a small angle 
that their scattered intensity overlaps the central scattering. 
A general discussion of the choice of the sign of the phase 
factor is given for the case that the scattering center has an 
even or an odd symmetry in its electron density function. The 
analysis is employed in discussing some of the approximate 
formulas used in fitting experimental data. The meaning of 
this Fourier method is further illustrated by comparing with 
that used by Walker and Guinier' in explaining the scattering 
in a supersaturated AlAg alloy. It is remarked that our elec- 
tron density function remains the same as long as the small- 
angle scattering is the same, while the physical meaning of 
this function must be sought from other observations. 


S. Atomic Energy Commission contract. 
Acta Metallurgica 1, 568 (1953) 


* Work supported by a U. 
C. B. Walker and A. Guinier 


W11. Neutron Diffraction Studies of Rochelle-Salt Single 
Crystals.* B. C. Frazer, MAaritLtyN McKeown, AND Ray 
Pepinsky,t Brookhaven National Laboratory.—The ferro- 
electric structure of Rochelle salt is examined by neutron 
diffraction. Observation of ‘forbidden’? odd (OKO) peaks 
demonstrate departure from orthorhombic P2,2;2 symmetry. 
These disappear at both Curie points. Samples containing 
just enough deuterium to cancel coherent hydrogen scattering 
fail to show odd peaks. These results along with the fact that 
the odd peaks are not observed with x-rays indicate reorienta- 
tions in the hydrogen bond network. It appears that these 
are not the only structural alterations. As will be reported 
elsewhere, a concurrent x-ray study by Rao and Pepinsky has 
detected other changes of considerable interest. Working in 
close cooperation with the x-ray investigation, we have been 
able to concentrate on the hydrogen bond network and have 
now established its principal features by difference maps on 
(001). The results differ somewhat from the network suggested 
by Beevers and Hughes.' The main difference occurs in the Os 
linkage. Analysis of the pseudo-symmetry is not complete at 
this writing, but it seems definite now that the O; 10 bond, 
which has so often been used to explain ferroelectricity in this 
crystal, will not prove to be significant. 

* Work done under the auspices of the U.S. Atomic Energy Commission. 


t+ The Pennsylvania State College, State College, Pennsylvania. 
1C. A. Beevers and W. Hughes, Proc. Roy. Soc. (London) A177, 251 


c. 
(1941). 


W12. Two-Phase Graphitization.* E. E. Lorsner,t Uni- 
versity of Buffalo.—The x-ray structure, resistance, and thermo- 
electric power of a hard coke prepared from a phenol-benzalde- 
hyde resin have been investigated as a function of heat 
treatment H. The (002) diffraction ring is composed of a very 
broad line and a sharp peak. The relative intensities of these 
two components change with /7. The sharp peak appears 
around 1400°C and increases in intensity, seemingly reaching 
a saturation at 2100°C. Above 2800°C the intensity of the 
sharp peak begins to increase again rapidly at the expense of 
the broad component. The electrical resistance shows two 
definite plateaus, the first ending about 250°C higher than for 
soft carbons, the second above 2800°C. The thermoelectric 
power shows one maximum in the region of the end of the first 
plateau and apparently a second one at the end of the second 
plateau. The temperature dependence of the first plateau’s 
termination and of the position of the thermoelectric power 
maximum is similar to the dependence found previously for 
soft cokes. The graphitization of the material seems to pro- 
ceed in two stages with about } of the substance starting to 
graphitize around 2000°C and the rest of the material not 
beginning to graphitize until the temperature is above 2800°C. 


S. Office of Naval Research 


* Supported by the U. 
Buffalo, New York. 


t Now with Sylvania Flectric, Products, Inc., 
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Invited Paper 


WAI. Recent Experimental Results from Stripping Reactions. W. C. 


Michigan. (20 min.) 


PARKINSON, University of 


Contributed Papers 


WA2. Double Scattering of Electrons with Magnetic Per- 
turbation.* H. MenpLowitz AND K. M. Case, University of 
Michigan.—In connection with the experiments of Crane, 
Pidd, and Louisell' for measuring the gyromagnetic ratio of a 
free electron by means of a double-scattering experiment with 
magnetic perturbation, the change in asymmetry after the 
second scattering has been investigated as a function of the 
magnitude of the magnetic field and its relative orientation 
with respect to the initial incident beam and the direction of 
the first scattered beam. In the case where the field is parallel 
with the direction of the first scattered beam, the asymmetry 
is altered in a manner which is readily obtained from semi- 
classical considerations. For other relative orientations, the 
change in asymmetry does not behave in as simple a manner. 
The way in which the asymmetry is altered in various special 
cases suggests a geometrical model which is helpful in describ- 
ing the effects of the magnetic field on the asymmetry of the 
second cross section in the double-scattering experiment. 


Atomic Energy Commission. 


* Supported by the U. 
Phys. Rev. 91, 475 (1953). 


1 Crane, Pidd, and Spit od 


WAS3. Design Features of a High-Current Cyclotron. 
Rospert S. LiviNGstON AND Royce J. JONEs, Oak Ridge 
National Laboratory.—Experience with fixed frequency cyclo- 
trons at this Laboratory indicates that the design features 
most important for achieving high currents are: (1) an oscil- 
lator with adequate power output, (2) a high-Q resonant dee 
structure, (3) a dee voltage very large compared with the 
threshold voltage, (4) a high potential gradient for initial 
acceleration of ions, and (5) a dee aperture (thickness) large 
enough to provide a high transmission factor for ions per- 
turbed by variations in the magnetic and electric median 
planes. These features are being incorporated in the ORNL 
44-inch cyclotron to provide for operation at proton currents 
>1 ma. This cyclotron operates at a relatively low magnetic 
field, 6400 oersteds, with a corresponding frequency of 9.7 
megacycles. The energy of the protons at the maximum radius, 
20 inches, is ~5 Mev. A vacuum tank extension can be in- 
serted to shift the dee system with respect to the magnetic 
center to permit operation at a radius of 11 inches or an energy 
of ~1.5 Mev. The oscillator has a de power input rating of 
450 kw and will provide 100-kv dee-to-dee voltage. The ratio 
of dee thickness to radius is 1/3.1 for 5 Mev and 1/1.7 for 

5 Mev. The biased quarter-wave resonant dee system is con- 
tained entirely in vacuum. Design features of the cyclotron will 
be illustrated. 


WA4. An Electromechanical Analog for the Study of 
Strong-Focusing Orbits.* L. Jones AND K. M. TER- 
WILLIGER, University of Michigan and Midwest Accelerator 
Conference.—An_ electromechanical analog! has been con- 
structed to study orbits of particles in a strong-focusing syn- 
chrotron and in particular to investigate locked-in orbits in 


nonlinear fields. The device is essentially a galvanometer with 
a laminated, current-driven field magnet. A voltage signal 
proportional to the armature displacement is derived by 
causing an rf oscillator to be tuned by means of small con- 
denser plates attached to the armature and by means of an 
FM receiver. The current in the armature coil is then made 
proportional to the discriminator output voltage. With one 
sign of field current, the motion is simple harmonic, with the 
other, exponential. Strong-focusing conditions are achieved 
with an alternating square-wave field current. Nonlinearities 
may easily be introduced into the feedback loop to simulate 
the effects nonlinear fields in the synchrotron. The coil dis- 
placement is presented on an oscilloscope screen and photo- 
graphed on moving film. The analog operation and difficulties 
encountered will be discussed. Orbits locked into resonance in 
nonlinear cases have been observed. Traces will be presented 
and analyzed. 


* Supported in part by the Michigan Memorial Phoenix Project. 
1H. 


R. Crane, 
4, 1953 


Midwest Accelerator Conference Report No. 8, September 


WAS. The Activities of Zn7'. J. M. LEBLANc, J. M. Cork,* 
AND S. B. Burson, Argonne National Laboratory.—The ac- 
tivities of Zn™ have been investigated with a 10-channel 
coincidence scintillation spectrometer. Sources were obtained 
by the irradiation of enriched Zn? and normal Zn in the 
Argonne heavy-water reactor. Two activities were found to 
be present in Zn7!; these decay with half-lives of 2.2 min and 
3 hr. The 3-hr state of Zn™! decays by the emission of beta 
rays followed by three gamma rays of energies 0.38, 0.49, and 
0.61 Mev. The attenuation by Al of the beta rays in coin- 
cidence with each of the gamma rays was measured and found 
to be the same in each case and to represent a beta ray of 
maximum energy of 1.5+0.1 Mev. In addition each gamma 
ray is found to be coincidence with the remaining two 
gamma rays. It is therefore concluded that the three gamma 
rays found in this activity are in cascade and the upper level 
is fed by a beta ray of 1.5 Mev. The 2.2-min state of Zn” is 
found to decay by the emission of a 2.4+0.2-Mev beta ray 
which is followed by a 0.51-Mev gamma ray. Additional weak 
gamma rays of energies 0.12, 0.90, and 1.05 Mev were also 
found to be associated with this activity and to follow beta 
emission. Gamma-gamma coincidence studies indicate that the 
0.51 and 0.12-Mev gamma rays are not in coincidence. 


* University of Michigan. 


WAO. Inelastic Scattering of Charged Particles in Electric 
Excitation Processes. HANs Mark, M.J.7.*—The recent 
discovery of electric excitation'? by observing the y rays 
emitted by nuclei under proton bombardment raises the 
question of whether it would be useful instead to observe the 
inelasticaily-scattered charged particles. Using the semi- 
classical theory of Ter-Martirosyan,’ it is found (for quad- 
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rupole excitation in the limit EAE) that the ratio R of in- 
elastically to elastically scattered particles is proportional to 
the radiative transition probability of the state under investi- 
gation and a function of the scattering angle which has its 
maximum in the backward direction. The advantage of meas- 
uring R rather than the y rays coming from the nuclei is that 
detector efficiencies and internal conversion coefficients would 
not appear as factors in the evaluation of transition prob- 
abilities from experimental data. Numerical values of R have 
been calculated for several nuclei for which experimental data 
are available. 


* This work has been supports ad by the joint program of the U, S. Office 


of Naval Research and the U. S. Atomic Energy Commission. 
1C, L. McClelland and C. Goodman, Phys. Rev. 91, 760 (1953). 
2 Huus and aupentk, Kgl. Danske Videnskab. Selskab Mat. fys. 
28, aa 1 (19 
A. Ter M: artirosyan, J. 
(1983). 


Medd. 
U.S.S.R. 22, 284 


Exptl. and Theoret. Phys. 


WA7. Electric Excitation of Platinum.* C. L. McCLELLAND 
AND CLARK GoopMAN, 7.J.T.—We have observed! evidence 
for electric excitation of 97-kev and 126-kev levels in Pt! 
(34 percent). Subsequently, we reported? levels at 215 kev 
and 330 kev using protons of higher energy. (E,=2.46 Mev). 
Heydenburg and Temmer have confirmed these levels with 
3-Mev alphas.’ The 330-kev line probably corresponds to the 
known! 328-kev level in Pt. If this is a rotational state, the 
Bohr-Mottelson theory predicts similar levels in Pt! and 
Pt!8 at somewhat higher energies. We have not observed the 
known! level at 358 kev in Pt!** using natural platinum, and 
the low abundance of Pt'** (7 percent) is probably insufficient 
for detection of the predicted level. We have requested sepa- 
rated isotopes for further study of this problem with a tech- 
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nique similar to that used for the separated isotopes of 
wolfram.$ 
’, S. Atomic 


* Supported in part by U. S. Office of Naval Research and 


Energy Commission. 
! McClelland and Goodman, Phys. Rev. 91, 760 (1953). 
2C. L. McClelland, Phys. Rev. 92, 1092 (1953). 
3G. M. Temmer and N. P. Heydenburg, Phys. Rev. 93, 351 (1954). 
4 Steffen, Huber, and Humbel, Helv. Phys. Acta 22, 167 (1949). 
5 McClelland, Mark, and Goodman, Phys. Rev. (to be published). 


WAS. Initiation of the Discharge in a CO, Filled GM 
Counter by Negative Ions.* H. &. Crane, University of 
Michigan.—Because of the high energy of electron attachment 
(3.8 ev) by CO, to form CO,~, electrons produced by an ion- 
izing particle passing through a CO, filled counter have little 
chance of reaching the wire as free electrons, and the counting 
efficiency is, consequently, low. However, it is known that the 
addition of a small amount of CS, raises the efficiency to 
virtually 100 percent. The mechanism is not understood. 
By making use of a new type GM counter! which can operate 
with CO, in the absence of a quench vapor, we have been able 
to obtain some additional facts. The passage of a CR meson 
through counters above and below the CO, counter triggers 
the sweep of a synchroscope. The discharge of the CO, 
counter gives a pip on the time axis, indicating the drift time. 
In COs, only about 20 percent of the mesons produced counts, 
but few were delayed. In CO, plus 1 percent CS». over 98 
percent of the mesons produced counts and about 80 percent 
had delays characteristic of ion drift times (milliseconds). 
Conclusions: In CO:, negative ions initiate the discharge 
rarely or not at all, while a small addition of CS. enables them 
to do so with high efficiency. 

* soupenes by the Michigan Memorial Phoenix Project. 

1H. R. Crane, Bull. Am. Phys. Soc. 28, No. 6 (1954). 


AT 1:30 


Ballroom 


(HARVEY Brooks presiding) 


Invited Paper 


X1. Avalanche Breakdown in Silicon. K. G. McKay, Bell Telephone Laboratories. (30 min.) 


Semiconductors, V; Electron Physics 


X2. Electrical Breakdown Paths in Nonpolar Crystals. 
J. W. Davisson, Naval Research Laboratory.—According to 
the theory of Offenbacher and Callen,' the orientation of elec- 
trical breakdown paths in polar crystals is caused by the dis- 
continuity at the Brillouin zone borders in the scattering of 
electrons by the polar modes of lattice vibration. In nonpolar 
crystals, on the other hand, the discontinuity in scattering at 
the zone border should either disappear or be greatly reduced 
because scattering by the “‘Umklapp”’ process is allowed for 
the non-polar modes. Thus, the Offenbacher-Callen theory 
should not apply to non-polar crystals, and orientation effects 
should be the result of some other mechanism for anisotropic 
electron scattering. Breakdown patterns have accordingly been 
studied in rhombic sulfur over a wide range of temperature. 
In agreement with the above considerations, the breakdown 
paths are found to be independent of temperature and do not 
seem to be related to the Brillouin zone borders. Orientation 
effects not attributed to the zone borders are also observed in 
the alkali halides. 

1 E. L. Offenbacher and H. B. Callen, 


Phys. Rev. 90, 401 (1953). 


X3. Decay in Photoconductivity Associated with Deep 
Electron Traps in P-Type Silicon. J}. A. HoRNBECK AND J. R. 
Haynes, Bell Telephone Laboratories. —The transient decay 
in photoconductivity associated with the ‘‘deep’”’ electron 
traps in p-type silicon! has been studied in crystals having a 
wide range of resistivity, lifetime (7,), and trap concentration 
(N). All the data are consistent quantitatively with the 
multiple trapping hypothesis! and the existence in these 
crystals of a single deep trapping level 0.78 ev below the 
conduction band. If the traps are filled at zero time, this 
model leads to the decay formula: exp(—t/r)=(,/N) 
exp[(1—m/N)(1+1/17,Nov)'] where m; equals concentra- 
tion of trapped electrons, ¢t is time, t=1,+7,7,Nov, ty is 
mean time in a trap, o is the trapping cross section, and v is 
thermal velocity. The photoconductivity induced by the 
trapped electrons equals (m,eu,), where py is hole mobility, 
since there is one additional free hole for each trapped electron. 
From our data or,, a property of the trap itself, equals 
(0.81+0.25) X 10~ cm? sec and 7,™0.3 sec. In low resistivity 
crystals there is evidence of a loss mechanism for electrons in 
addition to recombination from the conduction band, wiz., 
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recombination from the trap at a rate found to be propor- 
tional to (hole concentration)*. Trap concentration is roughly 
proportional to sample conductivity. 

‘J. R. Haynes and J. A. Hornbeck, Phys. Rev. 90, 152 (1953). 


X4. Decay in Photoconductivity Associated with Hole 
Traps in N-Type Silicon. J. R. HAyNEs AND J. A. HoRNBECk, 
Bell Telephone Laboratories.—Preliminary photoconductivity 
measurements on n-type silicon indicate that hole traps be- 
have differently in several respects from electron traps in 
p-type silicon.! The hole traps decay with nearly a single time 
constant, showing that multiple trapping is not an important 
mechanism. At room temperature the trap concentration (N) 
varies from 2X10°>N>10" cm among specimens and is 
not correlated with resistivity. Decay times (7) are found in 
the range 7 X10 to 500 sec, and there is evidence for at least 
two and probably more trapping levels. More detailed studies 
have been carried out with two similar specimens having two 
trapping levels. In these, N varies with temperature (7) in 
accordance with a ‘‘deep” trap 0.3 ev from the conduction 
band, and measurements of trapping cross section (3X 1078 
cm?*) and 7 place the trap 0.71 ev from the valence band. 
Investigation of + vs temperature shows that the simple rela- 
tion 1/r=vexp(—U/kT) is obeyed, but U is not the trap 
depth; the measurements also indicate that at room tempera- 
ture and lower some recombination occurs in the trap causing 
a deviation from this relationship. Measurements on one 
sample place a shallow trap ~0.64 ev from the valence band 
with a cross section ~40X 107'* cm?. 

'J. R. Haynes and J. A. Hornbeck, Phys. Rev. 90, 152 (1953). 


X5. The Photoconduction of Zinc Oxide Semiconductor: 
an Oxygen Adsorption Process. Donatp A. MELNICK, 
University of Pennsylvania.*—The photoconductive process of 
porous, sintered, semiconducting zinc oxide has been studied 
as a function of time (0.3 to 107 sec), pressure of ambient 
oxygen (10-° to 760 mm), temperature (110° to 373°K), in- 
tensity (factor of 10%), and duration of excitation. The follow- 
ing conclusions are reached: (1) confirmation is given to the 
postulate! that physically adsorbed oxygen forms an acceptor 
impurity, removing electrons from the interstitial zinc donors. 
The oxygen thus becomes chemically adsorbed and tightly 
bound. The narrow ‘‘necks,” which connect the sintered 
grains and control the sample’s resistance, have a sufficiently 
high surface to volume ratio for the acceptor concentration 
to exceed the donor concentration. (2) The oxygen can be de- 
sorbed by light of forbidden gap energy, presumably because 
holes are attracted to the charged chemically adsorbed oxy- 
gens, converting them to weakly bound physically adsorbed. 
(3) The rate of chemical adsorption of oxygen is given by the 
Elovich equation, dg/dt=a exp(—bq). (4) The nature of the 
adsorption equation causes inner more weakly illuminated 
layers to represent longer time constants and to contribute 
appreciably to the final photoconductance. The array of time 
constants usually assumed for photoconductive processes is, 
therefore, found to be unnecessary. 


* This work partially supported by the U. S. Office of Naval Research. 
1S. R. Morrison. (Submitted to J. Chem. Phys.) 


X6. Photoresponse of Aromatic Films.* J. F. ANDREW AND 
S. Mrozowsk!, University of Buffalo.—The variation of re- 
sistance of charred organic films under infrared illumination 
studied previously and believed to be a mixed photo and 
bolometric type response! has been investigated further and 
the study extended to much thinner films. It was suspected 
that charred films have a very porous structure and that the 
time constant is determined by the heat losses into the pores. 
Liquid backings were used which penetrate into these pores. 
It has been found that the response (limiting value for long 
illumination) is cut down by the presence of the liquid as much 
as by a factor 4 in some cases. In general, liquids with higher 


thermal conductivity are more effective in reducing the 
response, the effect being, however, also a function of the 
ability of the liquid to penetrate the pores. Films mounted in 
vacuum show a somewhat larger response; for very thin films 
a slight change caused by solid backing could also be estab- 
lished. The dependence of the response on the intensity of 
illumination, dark current temperature were studied. 
Response in region of purely vibrational absorption (7-8) 
was found. All findings lead to the conclusion that the re- 
sponse of charred organic films is of an essentially bolometric 
nature. 


and 


* Supported by the U. S. Office of Naval Research. 
! Mrozowski, McMichael, and Kmetko, Phys. Rev. 91, 234 


1953). 

X7. Dielectric Constants of Powders at uhf.* Ropert S. 
SmiTH, University of Pennsylvania.—A new approximate 
method of calculating the dielectric constant of powder has 
been devised to treat the case of inhomogeneous particles of 
various shapes. It yields the usual Clausius-Mossotti rela- 
tionship for homogeneous spherical particles. For a matrix 
composed of homogeneous randomly-oriented cylinders the 
measured dielectric constant e is 


if eo! 

6 (4 > +«-1) 
=14+——_ 3 = +1 J — ne 
= ( 4 8eo—1 Ind4 ) 


5-(- +1)+(1-a(1+ — 
eo +1 | (OI +9 Oo @ 1 


(1) 


where ¢€o is the bulk dielectric constant and 6 the fractional 
density. For a matrix composed of conducting spheres coated 
with a dielectric shell of constant €o, 


35(eo—1)(1—8’) + 988’ 
(1-6) (eo +2) +36(1—8’)’ 


where 6’ is the conducting fraction of the spherical particle. 
Measurements of powdered zinc oxide at several hundred 
megacycles in the range 0<6<0.5 fit either formulas (1) or 
(2) within the experimental error but are inconsistent with 
those of Clausius-Mossotti, Weiner, Bruggeman, or Bottcher. 





e=1+ (2) 


* Supported in part by the U. S. Office of Naval Research. 


X8. R’, Colloidal, and Z Bands in KCl. D. R. WESTERVELT, 
North American Aviation, Inc.—The thermally induced ab- 
sorption peak which has been termed the Z band in photo- 
chemically colored alkali halides! and the colloidal band in 
those additively colored? has been further studied. In both 
cases the band is destroyed by 35-kev x-rays. Ri and R2 bands 
are not an initial step in its formation, since these are im- 
mediately destroyed by heating. The broad R’ band forms 
rapidly during simultaneous annealing and F-light exposure ; 
during continued heating, however, the R’ band narrows and 
the final results of annealing in the light and of the much 
slower process in the dark are the same. Once the FeoZ 
equilibrium is established, prolonged annealing at the same 
temperature has no effect on the Z-peak location or band 
width, but raising the annealing temperature shifts the peak 
to longer wavelengths. Cooling to liquid nitrogen temperature 
sharpens the peak, although less than in the case of the F 
band; and in some cases the peak is shifted to longer wave- 
lengths by cooling, contrary to all previously observed be- 
havior in the alkali halides. Observed differences in the 
colloidal and Z bands apparently result from unavoidable 
thermoluminescence and the competition of recombination 
processes in bombarded crystals. This paper is based on studies 
conducted for the Atomic Energy Commission. 


1D. R. Westervelt, Phys. Rev. 91, 218 (1953). 
2Scott, Smith, and Thompson, J. Phys. Chem. 57, 757 (1953). 


X9. A Search for Luminescent Emission from the F Center. 
CirrForD C. Kuiick, Naval Research Laboratory.—Measure- 
ments have been made on the quantum efficiency of lu- 
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minescence from F centers in x-rayed LiF and additively 
colored KCI at 4°K. An upper limit of 3 percent efficiency is 
found for the emission from LiF should it fall in the wave- 
length range from 3000A to 20 000A. At 25 000A the upper 
limit is 10 percent. Similar results are found for F centers in 
KCl in the wavelength range from 6500A to 25 000A. These 
results are in disagreement with theoretical predictions that 
the F center should luminesce with high efficiency in the 
wavelength region near 10 000A. 


X10. Thermionic Emission and Semiconduction in Single 
Crystals of Barium Oxide.* Evan O. Kane, Cornell Uni- 
versity.—Thermionic emission from single crystals of barium 
oxide has been activated by five orders of magnitude from 
10-7 a/m?* to 4X10 a/cm? at 1000°K. Activation procedures 
used were heat and dc electrolysis. Both appear necessary to 
achieve maximum activity. During activation the Richardson 
slope decreases from 2.6 ev to 1.0 ev. The value of the work 
function computed from the absolute value of the emission 
at 1000°K decreases from 3.0 ev to 1.9 ev. Simultaneous meas- 
urements of conductivity by two-electrode and four-electrode 
methods show little correlation between conductivity and 
emission during activation. At the beginning of activation the 
emission at 1000°K increases by a factor of 6000 while the 
conductivity increases by only a factor of 3. The conductivity 
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shows a break to a region of lower slope at high temperatures. 
The high-temperature slope decreases from 0.45+0.04 ev to 
0.00+0.06 ev during activation and the break between slopes 
moves from 850°K to 500°K. The low-temperature slope is 
initially 0.75+0.05 ev. The absolute value of the conductivity 
at 1000°K increases from 10~* ohm™ cm™ to 4X 107? ohm™ 
cm, 


* Supported in part by the U. S. Office of Naval Research. 


X11. Note on the Theory of Thermionic Emission. Kurt 
LeHovec, Sprague Electric Company.—Thermionic emission 
removes “‘fast’’ electrons from the surface of a solid. These 
electrons are replenished by “slow” electrons which gain 
energy from lattice vibrations and from the electric field. The 
theory of the process is similar to that of breakdown theory in 
insulators, where one is concerned also with the rate at which 
“slow” electrons become “‘fast”’ electrons. The deviation from 
thermal equilibrium distribution of electrons at the surface 
of a semiconducting cathode under current flow will be esti- 
mated and its implications on the thermionic emission will be 
discussed. At high current densities, the rate of energy gain 
of slow electrons in the cathode may become the current 
limiting process. The increase of this rate by the electric field 
may enhance the emission current more than the well-known 
decrease of the surface barrier by the field. 


SATURDAY AFTERNOON AT 1:30 


Italian Gardens 


(J. E. 


GOLDMAN presiding) 


Magnetism, II 


Yl. Neutron Diffraction Observations on Iron at High 
Temperatures. M. K. WILKINSON AND C. G. SHULL, Oak 
Ridge National Laboratory.—Neutron diffraction patterns have 
been taken for iron at a series of elevated temperatures rang- 
ing up to 1000°C in order to establish the magnetic scattering 
effects through the Curie temperature (7.) and also in the 
y-phase region. The change in diffuse scattering above and 
below 7. is accounted for mostly by the normal crystal lattice 
thermal scattering and the excess scattering is very much 
smaller than the calculated paramagnetic scattering. Pro- 
nounced small angle scattering is noticed however indicating 
a strongly modified paramagnetic scattering with short-range 
order characteristics. The patterns taken for iron in the face- 
centered cubic region offer no evidence for an antiferro- 
magnetic structure. 


Y2. Small Angle Neutron Scattering by Iron at High 
Temperatures. C. G. SHULL AND M. K. WILKINSON, Oak 
Ridge National Laboratory.—Pronounced small angle scatter- 
ing of slow neutrons has been obtained for iron at tempera- 
tures up to and through the Curie temperature (7.). This 
scattering which is magnetic in origin indicates a gradual dis- 
ruption of the magnetic lattice into smaller domains as the 
temperature is increased until at 7. only a few unit cells are 
magnetically coherent. Above 7. the domain small angle 
scattering transforms gradually into short-range order scatter- 
ing and this persists into the gamma-phase region up to the 
highest temperature of observation about 1000°C. Quantita- 
tive data on the small angle scattering and domain sizes will 
be presented. 


Y3. Equations for Magnetostriction and Anisotropic Energy 
for a Hexagonal Crystal of Class D,.(6/m, 2/m, 2/m). 
W. P. Mason anp J. A. Lewis, Bell Telephone Laboratories.— 
In order to determine what measurements are necessary to 
specify completely the magnetostriction and anisotropic mag- 
netic energy in a cobalt crystal, as discussed by Bozorth and 
Sherwood in the following abstract, a calculation is given for 
the energy terms for both cylindrical and hexagonal symmetry. 
Up to fourth-rank tensors the results are the same. For sixth- 
rank tensors, a characteristic hexagonal term enters. Out to 
fourth-rank terms the magnetostrictive strain can be written 
in the simple form 
A=A,[ (e181 +0282)? — (a181+0282)a383 ] 

—A2[ (ai81 +282)? + (a3? — 1) (1—83*) ] 
— As [B32 (as*?@— 1) + (a181+282)a383 ] 
+424 (0181 +a282)a383, 


where a;, a2, a3 are the direction cosines of the saturation 
magnetization, and §;, 82, 8; the direction cosines of the direc- 
tion of magnetostriction measurement, all with respect to 
orthogonal axes for which X corresponds to one of the hex- 
agonal axes and Z to the unique ¢ axis. The introduction of the 
sixth-rank tensor gives a term with hexagonal symmetry but 
11 constants are required unless the saturation magnetization 
is parallel or perpendicular to the direction of magnetostriction 
measurements. With this simplification, 8 constants suffice. 


Y4. Magnetostriction of Cobalt. R. M. BozortH anp R. C. 
SHERWOOD, Bell Telephone Laboratories.—Magnetostriction at 
saturation (A) has been measured in various crystallographic 
directions in a single crystal of cobalt, fields of 20 000 oersteds 
being required. Magnetostriction resulting from magnetiza- 
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tion along the c-axis is zero within the errors of measurement. 
Magnetization perpendicular to the hexagonal axis causes a 
contraction of \=—45X10~*, while magnetization at 60° to 
the axis gives a larger contraction, \= —100X10~®, when A 
is measured parallel to the magnetization. When A is at right 
angles to the magnetization, expansion is as large as +145 
< 10-6 When the magnetization is perpendicular to the c-axis 
the fractional change in volume resulting from domain orienta- 
tion is —3010~-*. Magnetostriction in any direction (8) in a 
hexagonal crystal, resulting from applying a saturating field 
in a given direction (a) has been expressed in terms of the 
direction cosines of a and 8 by W. P. Mason and J. A. Lewis. 
The cylindrical symmetry obtained when terms beyond the 4th 
power are excluded is a good approximation for cobalt. The 
4 constants, A; to Ay, are evaluated as —45, —95, +110, and 
—100, each 1078. 


Y5. Magnetostriction in the Nickel Ferrite-Aluminates 
and Nickel Ferrite-Gallates. D. F. BLem anp A. R. Butz, 
U. S. Naval Ordnance Laboratory.—Magnetostriction de- 
terminations of the systems, nickel ferrite-aluminate 
(NiOFe»_-Al,O;), and nickel ferrite-gallate (NiOFe2_,Ga,O;), 
have been made using a system of compensated strain gages! ; 
the active gage is secured to a small rod of the sintered ma- 
terial. For the aluminates we find that the room-temperature 
saturation magnetostrictive constants (A,=A///) decreases 
with increasing ¢t, approaching zero at t=0.67. For values of 
t<0.67 the magnetization of the ions on the B sites predomi- 
nates and for t>0.67 the A sites are stronger.? At the cross- 
over point where the magnetization of the ions on the A and B 
sites are equal, we have the situation where the magneto- 
strictive constant is also zero. As ¢ increases beyond this point 
the value of \, goes through a maximum at approximately 
t=1 and approaches zero at t=1.5. The gallium series shows 
a gradual decrease in A, with increasing values of t, approach- 
ing zero at t=1.5. There is no abrupt drop to zero at t=0.67 as 
found in the aluminates. This is due to the fact that in the 
gallates the ions on the B sites always predominate. 


1 J. E. Goldman, Phys. Rev. 72, 529 (1947). 
2L. R. Maxwell and S. J. Pickart, Phys. Rev. 92, 1120 (1953). 


Y6. Factors Determining the Permanent Magnet Proper- 
ties of Single Crystals of Fe,NiAl. E. A. Nessitt, H. J. 
WILLIAMS, AND R. M. Bozortn, Bell Telephone Laboratories. 

It is shown that fine precipitated particles present in single 
crystals of Fe,NiAl are elongated and that the shape anisotropy 
of these particles is a major factor in determining the coercive 
force of Fe,NiAl. For fields of less than 7000 oersteds in the 
(110) plane, (111) directions are the directions of easy mag- 
netization of the crystal and this is because of the shape effect 
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of the precipitate oriented in three mutually perpendicular 
directions. At higher fields, the torque due to this effect de- 
creases and then the [001] direction is the direction of easy 
magnetization because of intrinsic crystal anisotropy. These 
conclusions are based on an analysis and on measurements of 
the torque on three mutually perpendicular rods of magnetic 
material. These rods simulate the rods of precipitate in the 
actual crystal. 


Y7. Rapid Remagnetization of Thin Molybdenum Permal- 
loy Strips. H. EksTEIN AND J. KELLY, Armour Research 
Foundation.—-Molybdenum Permalloy strips of }- to 2-mil 
thickness have been subjected to approximately square pulses 
of 0.08 to 3 oersted after saturation magnetization by a strong 
opposite field. The time rate of magnetization was projected 
on an oscilloscope. The curves are monotonically decreasing 
for strong fields, but they exhibit a secondary maximum for 
weak fields. The total ‘‘switching time”’ is a power function of 
the difference between applied field H and coercive force H., 
the exponent varving slightly between —1.3 and —2.9. The 
switching time as a function of tape thickness is closely ap- 
proximated by parabolas, if corrections for the finite rise time 
of the pulse are made. Most properties can be understood on 
the following assumptions: (1) the strip is at any time divided 
into regions of opposite magnetization, the dividing plane walls 
moving from the surface toward the center, (2) the velocity 
of the wall is proportional to the difference between the field 
at the wall and //,. If these assumptions are introduced into the 
eddy-current equations, a good approximate solution can be 
obtained, which agrees with experiments for strong fields. No 
satisfactory explanation for the secondary maximum of the 
switching curve for low fields is known. 


Y8. Effects of Anisotropy on the Thermodynamic Properties 
of Antiferromagnets.* J. A. EIsELE AND F. Kerrer, Uni- 
versity of Pittsburgh—kIn antiferromagnets, because of inter- 
play with exchange energy, a small anisotropy energy can 
have a huge effect on thermodynamic properties. For example, 
in both MnF, and CuCl,-2H,0 the characteristic spin tem- 
peratures of the anisotropy-exchange energy are about } of the 
(respective) Curie temperatures. When this energy is taken 
into account, spin-wave theory is in reasonable agreement with 
existing experimental data on CuCl.-2H.O between 1°K and 
2°K, including specific heat! and spontaneous magnetization 
of a sublattice.2 Experiments are suggested on the relatively 
large spin specific heats of antiferromagnets with low Curie 
points. 

* Work supported in part by U.S. Air Force Research and Development 
Command. 


1S. A. Friedberg, Physica 18, 714 (1952 


2N. J. Poulis and G. E. G. Hardeman, Physica 19, 391 (1953). 
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Invited Paper 


YA1l. Magnetohydrodynamics of the Earth and Sun. W. M. Exsasser, University of Utah. (40 min.) 


General Physics 


YA2. Dimensional Relations in Magnetohydrodynamics.* 
W. M. Etsasser, University of Utah.—A systematic study of 
dimensionless parameters in the magnetohydrodynamics of 
cosmic fluids shows that they are almost invariably very 


large, or small numerically, as the case may be. This results in 
significant simplifications of the theory. On calculating the 
thermal dissipation in such fluids it is found to result entirely 
from mechanical friction for interstellar gas, but to be entirely 
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in the form of Joule’s heat for the interior of the stars. In the 
absence of instabilities (e.g., plasma oscillations, as sometimes 
postulated) the conditions for potentials leading to the higher 
cosmic-ray energies appear the more favorable, the larger the 
linear dimensions involved. A number of arguments can be 
adduced to show that theories which postulate acceleration in 
volumes of galactic size (e.g., Fermi’s theory) encounter less 
difficulty than theories that require acceleration in confined 
spaces such as the neighborhood of stars. A detailed account 
is to be published. 

| Research. 


y the U, S, Office of Navi 


YA3. The Tensor Virial Equations.* FE. N. Parker, 
University of Utah.—The conventional method of deriving the 
virial theorem by multiplying the equations of motion with 
the corresponding coordinates and summing is capable of 
generalization. On forming all such products one obtains the 
tensor virial equations from which the scalar virial results by 
contraction. The tensor virial equations are the equations of 
motion of the moment-of-inertia tensor of a swarm of particles 
relative to a fixed Cartesian frame. If the origin coincides with 
the center of mass of the swarm, these equations of motion are 
independent of the motion of the center of mass. The method 
appears to be very powerful. Applications have been made to 
the diffusion of charged particles in a magnetic field, to turbu- 
lence theory and to the derivation of the Navier-Stokes equa- 
tions from elementary mechanics, and to certain astro- 
physical problems. A detailed account is to be published. 


of Naval Research. 


Supported by the U. S. Office 


YA4. Theory of the Photographic Intermittence Effect at 
Low Light Intensities. E. Karz, University of Michigan. 
The present calculations are based on two assumptions: (1) 
the ‘‘order principle’ which connects single grain processes 
with required plate exposures for isodense effects; (2) a trap 
depth distribution required to give a straight low intensity 
reciprocity failure of slope x, leading to a survival function for 
photoelectrons of the form F(t)~t-?, as explained in a pre- 
vious paper.'! The low intensity intermittence effect is now 
calculated as a function of the transmission p of the rotating 
sector, the average light intensity J, the average grain area a, 
chopping frequency f, and the low intensity reciprocity failure 
slope x. The statistics of interquantic times in a chopped 
beam are used. The results are given in terms of converging 
expansions, both for high and for low numbers of quanta per 
flash per grain » =Jap/f. For isodense exposures at relatively 
high frequencies the log exposure, (log/t)s, differs from its 
limiting value (log/t). by an amount proportional to f7~?. 


1E. Katz, J. Chem. Phys. 17, 1132 (1949), 


YA5. Measurements of the Vibrational Relaxation Times 
in Cl. and Cl,—He Mixtures.* E. F. Smitey, U. S. Naval 
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Ordnance Laboratory.—Measurements have been made of 
vibrational relaxation times in Cl. and Cl.—He mixtures. 
These measurements have been made using a shock tube and a 
Mach Zehnder interferometer.’ ? The method and the accuracy 
to be expected in using it are discussed. Measured values of 
the vibrational relaxation times for Cl.—Cl. and for Cl.—He 
collisions at temperatures up to 1500°K are given. These data 
together with the data of Eucken are compared with the 
temperature dependence predicted for the probability of 
vibrational excitation by Schwartz, Slawsky, and Herzfeld.* 

* Supported by the U. S. Office of Naval Research. 

1W. Griffith, Phys. Rev. 87, 234 (1952) 


2? Smiley, Winkler, and Slawsky, J]. Chem. Phys. 20, 923 
§ Schwartz, Slawsky, and Herzfeld, J. Chem. Phys. 20, 1591 


1952). 
1952), 


YA6. Theoretical Determination of Shock Distances in 
Ideal and Real Gases. \V. H. Heypsey, LU’. S. Naval Ordnance 
Laboratory.—A method is presented to determine theoretically 
the distance at which a detached shock will be found in front 
of a symmetrical body placed at zero incidence into supersonic 
uniform flow of an ideal gas. Agreement with experimental 
evidence on spheres in air and argon is satisfactory. The 
theory is extended to the more general case where the jump in 
temperature across the shock alters the internal molecular 
state of the gas. The shift in shock distance caused thereby can 
be predicted and may be used to obtain information on molecu- 
lar excitation and dissociation if measured distances are com- 
pared with those indicated by theory. 


YA7. Study of Real Gas Effects by the Measurement of a 
Shock Detachment Distance.* R. N. Scuwarrz anv J. 
EcKERMAN, U. S. Naval Ordnance Laboratory.—An experi- 
mental study was carried out to determine the applicability 
of a shock wave detachment distance theory to the study of 
real gas effects. It had been shown theoretically! that the dis- 
tance which a bow shock wave is detached from a blunt missile 
depends on the Mach number and the thermodynamic state of 
the gas before and after the shock. Studies were first carried 
out on spheres at Mach numbers 1.5 to 10 in monatomic gases. 
The small scatter in the experimental data indicated that it 
would be possible to observe nonequilibrium processes in 
selected gases. One such process is the excitation of a vibra- 
tional mode in a gas passing through a shock wave. Spheres 
were fired in chiorine. Whether the vibrational energy ad- 
justed quickly or remained frozen in the region behind the 
shock wave could be recognized in the change of the detach- 
ment distance. Results indicated vibrational relaxation times 
were consistent with theory,? and those measured in a shock 
tube.* 

* Supported by AEDC. 

1W. H. Heybey, Bull. Am. Phys. Soc. 29, No. 3, 43 (1954) (preceding 
Pritekchee 
ei 4 Z. I. Slawsky and k. F. Herzfeld, J. Chem. Phys. 20, 


1591 (1952). 
3 E. F. Smiley, Bull. Am. Phys. Soc. 29, No. 3, 43 (1954) (this meeting). 
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Theoretical Physics 


Z1. Symmetric Modes of the Tapered Reed.* \. LritNER 
AND E. A. HIEDEMANN, Michigan State College.—The tapered 
reed, used in ultrasonic whistles,! is a symmetric and homo- 
geneous bar of rectangular cross section, uniform in the center 
and uniformly tapered to a sharp edge at each end. It is 
vibrating transversely under free-free conditions in the plane 


of the taper, and in its lowest symmetric mode; i.e., it must be 
mounted at the nodes. We have calculated the frequencies, 
positions of the nodes, and vibration curves for such bars, 
combining the exact methods of Rayleigh? and Kirchhoff* for 
bars of uniform and tapered cross sections, respectively. The 
main problem is that of joining the two different solutions at 
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the junction of the two regions. Results were obtained for a 
representative range of values of the ratio of length of tapered 
portion to total length. 


* Supported by Detroit Ordnance District Office. 
} Janovsky and Pohlman, Z. Angew. 
2 Rayleigh, Theory of Sound 
p. 160. 
4 Kirchhoff, Ann. Physik, 10, 501 


222 (1948). 
New 


Phys. 1, 


(Dover Publications, York), Vol. I, 


1880). 


Z2. The Propagation of a Sound Pulse in a Medium with a 
Complex Elastic Modulus. Saran I. Taustn anp R. D. 
SPENCE, Michigan State College—General restrictions on the 
form of the complex propagation constant can be derived from 
an application of the causality principle and other simple 
assumptions. We choose a simple form of complex elastic 
modulus which is consistent with these restrictions and whose 
dispersion results from a single relaxation process, and discuss 
the propagation of a sound pulse in such a medium. The 
precursors of the pulse for such a case are exponential in form 
in contrast to the oscillating precursors arising from a reso- 
nance process such as discussed by Sommerfeld and Brillouin. 


Z3. A Note on Basic Principles of Quantum Statistical 
Mechanics. P. T. LANDSBERG, University of Pennsylvania.*— 
The following principles and concepts are often convenient 
tools in statistical mechanics: microscopic reversibility, de- 
tailed balancing, equal a priori probabilities, random a priori 
phases, equilibrium, 7~ theorem. The interrelations between 
some of these have recently been discussed.! These ideas will 
be developed further in the following respects: (a) the dis- 
tinction between coarse-grained and fine-grained probabilities 
is introduced; (b) the assumption of the interconnection of 
states is dropped, and discussed separately; (c) the assump- 
tion that, in equilibrium, ensemble averages do not exhibit 
fluctuations is also dropped, and discussed separately ; (d) the 
extent to which any of these principles can be regarded as 
direct consequences of quantum mechanics is discussed. It is 
emphasized that, if the method of transition probabilities is 
used, none of these principles can be regarded as following 
directly from quantum mechanics. In this method they all 
need an additional statistical postulate. The conceptual basis, 
and some of the conclusions, of the paper cited! would therefore 
seem to need some revision along lines which will be suggested. 


* On leave of absence from U gga sity of — Scotland. 


1J.S. Thomsen, Phys. Rev. 1263 (195 


Z4. One-Dimensional Walk with Correlation by Satura- 
tion for the Description of Diffusion Phenomena. C. M. 
TCHEN, National Bureau of Standards.—We distinguish two 
types of correlations to be introduced in the one-dimensional 
random walk: the partial correlation and the correlation by 
“saturation.’’ The former is an intrinsic bond, inherent to the 
steps, and independent of the positions and the density of the 
steps in the space. The latter is an interaction between the 
steps created by saturation during the development of the 
walk. More specifically, a position becomes saturated, if it is 
visited by a prescribed critical number of steps, and a correla- 
tion by saturation arises between a pair of steps visiting the 
saturation point. In this way the walk will not allow the steps 
to sojourn or to return too often to individual positions, and 
therefore will be dispersed. As a dispersive property of the 
diffusion phenomena, the asymptotic value of the mean square 
distance (x?) between the mth step and the origin of the walk 
is calculated. In the case of partial correlations, (x?)~n, and 
the asymptotic distribution of x is Gaussian. Such a walk 
leading to the result of Brownian motion cannot explain the 
law of diffusion by irregular movements following a non- 
Gaussian distribution. For diffusion of non-Gaussian nature, 
we have to consider the correlation by saturation. 


ZS. Solutions of the Helmholtz and Schrédinger Equations 
in Sphero-Conal Coordinates. OLEN Kraus, Michigan State 
College (introduced by A. Leitner).—The coordinate surfaces 


of sphero-conal coordinates consists of spheres and two sets of 
cones of elliptical cross section which are orthogonal to each 
other and to the spherical surfaces. The axes of the cones 
coincide with two of the Cartesian axes. Such a system of co- 
ordinates separates the Helmholtz equation and the Schro- 
dinger equation for a spherically symmetrical potential. 
The ‘‘angular” solutions can be represented as polynomials 
which may be expressed linear combinations of conven- 
tiona! surface harmonics. The process of constructing the 
polynomial solutions leads to a set of eigenvalues which may 
be irrational numbers. An attempt is made to interpret these 
eigenvalues and the problem of quantization of angular mo- 
mentum in this system of coordinates. 


Z6. The Nonrelativistic Limit of Half-Integral Spin-Wave 
Equations. K. M. Case, University of Michigan.—To in- 
vestigate the properties of higher spin particles the non- 
relativistic limit of the Dirac-Pauli-Fierz half-integral spin 
equations was considered. An expansion of the Hamiltonian 
operator for the essential components of the wave function is 
readily obtained in inverse powers of the mass. By means of 
Foldy-Wouthuysen type transformations a form is obtained 
which is independent of “todd” operators. To order 1/m? the 
terms in the Hamiltonian are strictly analogous to those re- 
sulting from the spin-} equation. The gyromagnetic ratio can 
be read off immediately and is 
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where the spin is k+ 4. This is in agreement with Belinfante’s 
conjecture that for arbitrary spin the expectation value of the 
magnetic moment operator for the state of highest s component 
of the angular momentum is independent of the spin. 


Z7. The Determination of a Perturbation from the Scatter- 
ing Operator.* H. E. Moses, New York University.—Jost 
and Kohn,! Levinson,? and others have discussed the problem 
of obtaining a radially symmetric potential from the scatter- 
ing phases for the case of the radial equation corresponding to 
zero angular momentum. Through the use of the scattering 
operator formalism we have tried to generalize their discussion 
in order to see to what extent a perturbation can be obtained 
from a known scattering operator and a zero-order Hamil- 
tonian. It appears that even when the spectrum of the per- 
turbed Hamiltonian is prescribed, the perturbation is not 
unique unless additional conditions are imposed upon the 
perturbation. One such condition could be the assignment of 
the representation in which the perturbation is diagonal 
This consideration leads to the question as to whether there 
are experiments from which the representation in which the 
perturbation is diagonal could be determined. 


* The research reported in this paper has been sponsored by the Geo- 
yhysics Research Division of the Air Force C ambridge Research Center, 
U.S. Air Research and Development Command. 

!R. Jost and W. Kohn, Phys. Rev. 87, 977 (1952). 

?N. Levinson, Phys. Rev. 89, 755 (1953) 


Z8. Nonadiabatic Corrections to Scalar Theory. E. \. 
Power, Cornell University—We have investigated, by the 
method of Lévy,! the nonadiabatic term in order g* in the 
Tamm-Dancoff approximation to the interaction between two 
nucleons and their relationship to the no-pair terms of higher 
order. An examination of the well-known cancellation in the 
neutral scalar theory between the static g* potential and the 
iterated velocity dependent potential is considered in relation 
to the work of Cini and Fubini.? Further the Lévy claim that 
similar effects occur in the symmetric theory is found not to 
be substantiated ; the remaining static potential being 
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vy, Phys. Rev. 88, 72 (1952). 
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